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PREFACE 


This document is the final report on the Thermal Protection System (TIT) Repair Kit 
Program. The program was performed under Contract NAS 9-15970 which was sponsored 
and directed by the NASA Johnson Space Center, Houston, Texas. 

The program was managed and performed by the General Electric Company - Re-Entry 
and Environmental Systems Division (RESDi, Phila. , PA for NASA-JSC, in response to 
their request for developing a repair material, dispenser, and storage container to repair 
Space Shuttle tiles in orbit. 
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SUMMARY 


j ° f U " 9 PrORram taW PrOVid0d V " y “>*»•»«<*■<»> «f Ihc overall 

rt,t “ te repalr P— • * NASA- Johnson Space Center. ,hc major 

~ " f rm ' t " PPrMCh h ”* *"> Sto "” l « ■» ~ - Proto,,,, functional 
■ IPOS have Peon established which wiil hinere d,at ,l, R ht units can be delivered by May 1M0 . 

The specific major result, of Ibis Mud, wore'as follow^': 

• Material solutions for bob, small and inr R e area repair 

STlMlAP aUb “ ,1 " ,U ‘ ,Uon ” f * "»<•". '“".V developed, , pre-eured ablator - 
‘ * — **- mate rials and selection of a 

• 

. Selection of a specific dispenser approach wilh the folIowi„ B charactered les, 
Pneumatic operation 

No electrical power required 

Astronaut physical effort minimised, handles only hose, valve and 

' ^ <» proper ratio to 

• Extensive maturity of dispenser by deslRn and development tests Include*: 

Mockup 

Functional breadboard and test 
Functional prototype and teat 
KC-135 scro-g tost 



• Conceptual verification of storage containers including; 

Packaging 
Weight and volume 
Thermal Control 

• Verification of operational repair procedures 

Mold line control 

Pro -cured ablator provisioning and utili/aUun 

Special tools 

Reflects astronaut constraints 


■data miii 






1.0 INTRODUCTION 


The work described in this report was performed to investigate feasibility and concep- 
tual design aspects of repair materials and procedures for in-orbit repair of the Space 
Shuttle Orbitcr TPS tiles. The program was an 11-week program with parallel tasks to 
investigate pre-cured ablators, cured-in-p!ace ablators, curcd-in-place ablator dispensers 
and repair kit stoiage containers. The work also reflects many interfaces with NAS\--JSCto 
establish operational and test requirements for the overall repair concept. The output of 
this study forms the basis for continuation into final application,- design, test, fabrication, 
flight training and night utilization of the repair kit. 
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2.0 PROGRAM SCOPE 


The program was directed toward conceptual feasibility of the in-orbit tile repair 
approach as established by NASA -JSC. The repair concept involved the following: 

a. repair of partial or single tiles (6x6 inches) using a cure-in-place ablator 

b. repair of multiple tiles (up to IS x 36 inches) using a pre-cured ablator borded 
with the cure- in-place ablator material 

c. utilization of a mixer-applicator (caulking gun) to catalyze, mix* and dispense the 
cure-in-place material. 

The following tasks were performed to evaluate the feasibility of these repair procedures 
and to select materials and preliminary designs. Since a number of suitable materials were 
thought to be available for use as a pre-cured ablator, the primary effort was directed 
toward the cure-in-place material and related storage,; dispensing, and cure problems. 

The specific tasks were: 

a. Select, substantiate, and provide a data package for a pre-cured ablator material. 

b. , Perform material studies to investigate cure-in-place materials including: 

1. Catalyst and cure studies 

2. Material formulations for suitable bonding, viscosity, ablation, and other 

performance characteristics - • • 

3. Ablation test and evaluation 

4. Perform property testing for critical properties such as bond strength to 
various substrates, vacuum effects, temperature effects and thermal aging 

5. Selection of material and alternates 

6. Support mixing and applicator design 

c. Perform conceptual evaluation and design of mixer-applicators including: 

1. Concepts and trade off 

2. Selection of primary approach 


« t 
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3. Breadboard design, fabrication and evaluation 

4. Conceptual design of prototype units, including small single part (and large 

three-part)* units . 

d. Perfoim assessment of storage container and other tools required for the* total re pur 
kit including: 

1. Storage container packaging and conceptual design ’ 

2. Therma 1 control problem assessment . ... . 

3. Special tools for performing repairs 

c - Prepare and deliver 10 pounds of selected prc-ou*ed ablator and- cure-in-place 
material. 


The above tasks were successfully accomplished and the results are reported in Section 

4.0. 


*The large three-part uni: design evaluation was specified by program change during the 
7th week of the program. 
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4.0 STUDY RESULTS 


4.1 REQUIREMENTS SUMMARY - 

The basic requirements for the development of the repair kit were provided by the initial 
statement of work. The requirements were further detailed and modified by supporting docu- 
mentation such as early versions of NASA-JSC 16209 and other technical data derived from 
piesentations, interface meetings, and telecommunications. NASA-JSC 16209, "TPS Repair 
Kii Requirements Document" was the basic requirements reference and provided the guidelines 
for the study program. The major driving requirements are summarized as follows: 

a. A b. at ion performance to maintain maximum structure temperature of 250°F during 

re-entry 

b. Bond strengths greater than 40 psi to RTV-560 surfaces or surfaces with residual 

RTV-560, and greater than 6.5 psi to RSI surfaces 

c. Cure characteristics to assure adequate strength and ablation prior to re-entry yet 

allow sufficient working life during application 

1. original requirement - gel In 15-30 min 

- cure in 18-24 hours 

2. updated requirements - working life of one hour 

- cure in 18-24 hours 

3. vacuum environment (10 -5 torr) *. t a various repair area temperatures 

- structural surfaces 20 to 100°F 

- SIP/RSI surfaces -10 to 120°F 

d. Simple application to meet moldiine and astronaut constraints 

1. 0.25-lnch maximum moldline variation 

2. cure-in-place material to be used to bond pre-cured materials 

3. minimum astronaut forces for mixing and application 

4. flow rate 5-20 in 3 /min (derived requirement to support typical repair missions) 

5. derived effective viscosity of 3000 to 8,000 poises for application effectiveness 
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e. Storage container and materials requirements 

3 

1. Maximum volume 12 ft 

2. Maximum weight 300 lbs 

3 

3. 1080 In cure-ln-place material 

3 

4 , 64 8 0 In pro -cured material 

5. Thermal control as required for applications and cure 
4.2 PRE-C T JHED ABLATOR 

4.2.1 TRADE OFF, SELECTION AND DATA PACKAGE 
Task Objective 

The objective was to provide: 1) trade offs leading to the selection of ESM 1004AP as 
the recommended pre- cured ablator, 2) a concise description of the selected p re-cured 
ablator, and 3) thermal and physical properties of ESM 1004AP. 

Space Shuttle Ablator Requir ements 

Previous studies conducted by GE-RESD to evaluate the candidate ablator thermal pro- 
tection requirements resulted In design charts being developed for specific shuttle miss ion s. 
Typical results of this study are shown In Figures 1 and 2, which' depict the ablator thickness 
and unit weight as a function of cold wall heat flux for both ESM 1004AP and 1004X. ESM 
1004X was considered with a thin R TV-560 coating. 

The design curves are shown for two heating times, 1000 and 3000 seconds, which were 
for two mission* that were being evaluated at that time, a low and high cross range mission. 
It can be seen In Figure 1 that the ESM thicknesses Increase with heat load and heatitg time 
and that the thickness requirements of ESM 1004X Is almost double that of ESM 1004 A P. 
However, Figure 2 shows that ESM 1004X is considerably lighter than ESM 1004AP. For 
all of these calculations, the maximum structure temperature allowable was assumed to be 
300°F. 

Figure 3 shows the predicted thickness requirements for ESM 1004AP and 10O4X for 
the current design mission, which has a heating time of 1650 seconds. Also Included In 
the figure are current RSI tile thicknesses for several locations on the space shuttle 


4-2 




obtained from NASA-JSC. The tile thicknesses are faired values and not necessarily the 
design thickness requirement. Also the current design criteria ,s a maximum allowable 
structure temperature of 330°F. From this limited data, 1, can he concluded that the RSI 
.ties can be replaced In all locations (for which we have tile thicknesses defined) by an equal 
th.ckne S3 of ESM 1004AP to provide the necessary thermal protection.. 

Also shown in Figure 3 arc some recent NASA-JSC calculations for ESM 1 004 A P using 
thermophysfeal properties provided by GE-RESD. These results are in general agreement 
wtth the design curve and differences can be attributed to large ^riations in the structural 

thickness employed in the calculations. Finally, Figure .4 scathe unit weights of the abla- 
tors and RSI for the current design mission. 

The supporting thermo-physical data used in these analyses is attached as Tables 1 
through 3, and Figure 5. 

ESM 10 04AP Description 

General Electric Re-Entry and Environmental Systems Division (GE-RESD) lias over 
• period of yews, developed s family of flight proven Elastomeric Shield Material, (ESM) 
which havo had broad application for space and re-entry vehicle thermal protection. 

The ESM 1004 series of elastomeric foams ate based upon RTV-500 aad ran be fabri- 
cated at density levels from -12 PCF to -so PCF. They are prepsred by a ehemteal foaming 
process and are reinforced with up to 13 weight percent of Inorganic fibers. As a result 
thtiy are flexible In the vt.-gtn state and form strong, coherent char, as a result of 
Thes. materials have been fabricated in honeycomb as well as In the unsupported state. 

ESM 1004AP is the prime material in the 1004 series, with a denalty of 35 * 3 PCF and 
la provided oa an unsupported (non-honeycomb) flexible ablator. 

ESM 1004AP Properties 

In addition to those thermophysicai properties listed In Tables 1 through 3 and Figure 5, 

additional mechanical and optical properties are available as shown in Table 4, and Figures' 

6 through 11. 
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ESM 1QQ4AP Manufacturing Flow Plan 


A schematic flow plan of the GE proprietary ESM-1004AP is shown as Figure 12. 

ESM 1004 AP Specimens 

ESM 1004 -A P specimens were provided 10/18/73 to NASA- JSC. That material is 
identifiable as follows: 

1 piece, approximately G" x 12" x 0.G" : LOT \VG 591A1 
1 piece, approximately 6" x 6" x 0.9" : LOT \VG 590A1 

The contractually required 10 pounds of ESM was specifically fabricated and delivered. 
The material was prepared as LOT ZL218A1. Acceptance data on the material was: 

P 36 lb/ft 3 

Tensile 90 psl 


TABLE 1. THERMAL PROPERTY DATA USED IN THE ESM 1004X AND 
ESM 1004-AP REKAP MODELS 


PROPERTY 

ESM 1004 X 


ESM 1004 AP 

DENSITY. VIRGIN, PCF 

15 


36 

DENSITY. CHAR. PCF 

6 


14.4 

THERMAL CONDUCTIVITY 

FIG. 5 


FIG. S ’ - 

SPECIFIC HEAT 

TABLE 2 


TABLE 3 

HEAT OF GAS FORMATION 

TABLE 2 


TABLE 3 

SPECIFIC HEAT OF PYROLYSIS GAS 

TABl E 2 


TABLE 3 

SURFACE EMISSIVITY 

0.80 


0.80 

ARRHENIUS PARAMETERS. 




Z^SEC' 1 

15000 


30000 

ORDER OF REACTION 

2 


2 

Ej, BTU/LB MOLE 

44,700 


47,500 

CHAR PARAMETERS: 




N i 

1.0 



i.o 

r h K ‘ \ 





-2.25 


-1.34 

n 2 

1.0 


1.0 

c 2 

0 


0 
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TABLE 2 


T 

°R 


1 

250 

500 

600 

700 

800 

900 

1000 

1250 

1500 

1750 

2000 

2250 

2500 

2750 

3000 

3250 

20000 


. ESM 1004X REKAP MODEL DATA 


Hflf C p 


K 


BTU BTU BTU 

LBM LBM °R FT SEC °R 


50 


45 

12T3 

2730 

2960 

3050 

3120 

3165 

3200 

* 


0.001 

0.18 

0.29 

0.31 

0.332 

0.355 

0.378 

0.398 

0.4 


0.46 

0.55 

0.643 

0.725 

0.805 

♦ 


0.55 x 10‘ 5 
0.75 
1.05 
1.18 
1.35 
1.55 
1.8 
2.0 
2.24 
2.43 ' ' 
2.65 
2.87 
3.12 
3.39 
3.68 
3.99 
4.32 
♦ 


TABLE 3. ESM 1004-AP SPECIFIC HEAT AND HEAT OF GAS FORMATION 
USED IN THE REKAP MODEL 


TEMPERATURE 

°R 


0 . 

0.2100E 03 
0.4600E 03 
0.6100E 03 
0.6600 E 03 
0.7100E 03 
0.7600E 03 
0.9600E 03 
0.1210E 04 
0.1336E 04 
0.1460E 04 
0.1710E 04 
0.1960E 04 
0.2075E 04 
0.2210E 04 
0.2315E 04 
0.290CE 04 
0.3460E04 
0.4460E 04 
O.IOOOE 05 


SPECIFIC HEAT 
BTU/LB - °R 


O.IOOOE 02 
0.1 OBOE 00 
0.2350E 00 
0.3130E 00 
0.3380 E 00 
0.3660 E 00 
0.3900 E 00 
0.4290E 00 
0.4400E 00 
0.4400E 00 
0.4400E 00 
0.4400E 00 
0.4400E 00 
0.4400E 00 
0.4600 E 00 
0.4850E 00 
0.6950 E 00 
0.8700E 00 
0.8700E 00 
0.8700E 00 


HEAT OF GAS 
FORMATION 
BTU/LB 

0.5000E 02 
0.5000 E 02 
0.5000E 02 
0.5000E 02 
0.5000E 02 
0.5000E 02 
0.5000E 02 
0.5000E 02 
0.5000E 02 
0.5000E 02 
0.4500E 03 
O.IOOOE 04 
0.2610E 04 
0.2S20E 04 
0 2960E 04 
0J020EO4 
0.3160E 04 
0.3200E 04 
0.3200E 04 
0.3200E 04 


SPECIFIC HEAT 
OF GAS 
BTU/LB - 

0.3840E 00 
0.3840 E 00 
0.3840E 00 
0.3840E 00 
0.3840 E 00 
0.3840E0O 
0.3840E 00 
0.3840E 00 
0.3840 E 00 
0.3840 E 00 
0.3840E 00 
0.3840 E 00 
0.3840E 00 
OB840EOO 
0.384OEOO 
0.3840E 00 
0.3840E 00 
0.3840E 00 
0J840E 00 
0.3840E 00 


TABLE 4. ESM 1004-AP PROPERTIES 


BOND SHEAR STRENGTH 

75°F 

SHIELD/BOND SYSTEM 

300° F 

(ESM/RTV-560/BE) 

500°F 

OPTICAL 


SOLAR ABSORPTANCE 



TOTAL HEMISPHERICAL EMITTANCE 
a/e^j RATIO 

RF TRANSMISSION 

R.T, DIELECTRIC CONSTANT 
LOSS TANGENT 
ATTEN. COEFF. CM* 1 

MAX. CHANGE IN SIGNAL 
TRANSMISSION 

HEATING 


75PSI 

47 

31 

- 0.75 
0.85 , 
- 0.88 

1.70 * J0.016 
0.008 
0.01229 

•0.4 DB 

0.2 DB 


COOLING 



< < 
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; /qdt-BTU/FT 2 

Figure 3. Comparison of Ablator & RSI TPS Requirements for Space Shuttle 
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Figure 4. Comparison of Ablator L HSI TPS Itequtromonts for tfpuco Shuttle 
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Figure 5 
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Figure 7. Thermal Expansion of ESM 1004 -A P (Virgin Material) 
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Figure 10. Failure Strain of ESM 1004-AP 
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4,2,2 PRECURED ABLATOR MATERIAL STORAGE AND UTILIZATION 


Summary 

Preliminary studies suggest that supplying the required quantity of procured ESM 
ablator in an assortment of thicknesses provides the astronaut wide flexibility in repairing 
damaged areas which can range from 6 x 6 inches to x 3 G inches with the depth from a 
few tenths to 4 inches. The recommended assortment arising from the studies detailed in 
this section consists of 54 two-inch Liles, forty - 1 1/4 -inch tiles and thirty - 3/4-inch tiles 
with each tile being 6x6 inches. The total volume recommended meets the 3, 75 it^ defined 
in the requirements document. These tiles may be supplied in prescored slabs measuring 
12 x 12 inches and/or 12 x 18 inches. 


Requirements 


The quantity requirements given in the specification of 3,75 ft J of procured ablator is 
sufficient to fill five cavities of 18 x 36 x 2 inches deep. The thicknesses of HRSI and LRS1 
tiles range from 0.3 to 4 inches. The material selected (ESM 1004-AP)ls discussed in 
Paragraph 4,2.1. 


Approach 

The above requirements were analyzed and the following conclusions reached; 

a. Areas less than 3/4-inch thick will bo filled (repaired) with cure-in-place ablator. 

b. A tile equals an area of G x 6 inches and the cavity is totally empty (flight tile com- 
pletely removed). Furthermore, we considered that the largest stock size of 
material which the astronaut could handle at the repair site was 12 x 12 inches or 
at best 12 x 18 inches. 


Thickness 


A tile thickness of 3/4-inch was selected as the thinnest stock to be supplied, which is 
compatible with the procedure stated above. Two inches (2 ,f ) was also selected as the 
thickest material to be supplied, because it permits filling the deepest cavity with two 
layers of material. 
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The consequence of providing an intermediate thickness of either 1 or 1 1/4 inch was 
then examined. Figure 13 shows the number of layers or thickness required to fill cavities 
from 3/4 to 4 inches deep, in increments of 1/4 inch. For this analysis a ze ro thickness 
bondline was assumed. The cross-hatched portion indicates a cure-in-place layer 1/4 -inch 
thick was needed to fill up the cavity. Fxamination of the Figure shows that if a L-inch 
thickness is chosen, then there would be three cases in which three layers would lie required, 
whereas if 1 1/4-inch is chosen, there is only one instance with three layers, although there 
are more cases requiring a make-up bed. But since there inu 3 t always be i finite Iniml 
thickness, the "make-up bed" is not really a disadvantage. Therefore, 1 1/4 -men stock 
thickness was selected as the intermediate size to be provided. Another advantage is mat 
the number of slabs of each thickness to fill one eacn of the cavities is 34, equally distributed 
(8 of each thickness). 

Repair Area Size 

The repair area ranges from l tile to 13 tiles GxG inches (or enough for 13 x 3G inches 
in plan form) and from 3/4 to 4 inches In depth. Since it is reasonable to assume that the 
damage will be random, a random numbers generator was exercised and five pairs of num- 
bers representing area (as the number of tiles) and depth between the a' o.e limits were 
obtained. This simulation was repealed three times. Figure 14 depicts these five areas, 
and shows the corresponding depth of each cavity for the three cases oi "missions" simulated. 
The number of tiles required to fill each cavity, by stock thickness was calculated. For 
Figure 14, the intermediate stock thickness was assumed to be 1 inch. Figure 15 shows the 
same cavities, but using 1 1/4-inch thickness. Table 5 summarizes and compares the num- 
ber of tiles by size to fill the assumed cavities. It snows that using 1 1/4-inch size reduces 
the total number of tiles required, further reinforcing the selection of I 1/4-inch stock as 
the better solution. Mathematically, 1 1/4 -inch is approximately the geometric mean 
between 3/4 and 2. 

Distribution of Tiles Supplied 

In order to determine how to apportion the quantity ol tiles to be supplied to make up the 
3 

required 3. 75 ft volume, the mean and standard deviation of the dies required for each of 
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the three "missions*’ simulated was calculated. Various models can then be assumed to 
calculate the quantity of tiles: 

a. Equal volumes 

b. Equal number of tiles 

c. X times the mean 

d. The means + 4 times the standard deviation 


Table 6 shows the mean and standard deviation of the quantity of tiles by thickness. It 
also shows the volume that would result if some of the models listed alxive were used. A 

3 

preliminary selection was made of X + 2o model, or a total of 4.3 ft , However, due to 
volume and weight constraints, the recommended provisioning was adjusted dcywnward to 
just meet NASA's requirements as shown below. 


Mid-Term Final Selection 


Tilt* Thick (in.) 

Qty 

Vol (ft 3 ) 

Qty 

Vol (ft' 

2 

58 

2.42 

54 

2. 25 

1 1/4 

48 

1.25 

40 

1. 04 

3/4 

38 

0.59 

30 

0.47 

Tot. 

144 

4.26 

124 

3, 7<> 


Note that the reduction in tile quantity was less for the 2-inch than for the others 
because the analysis had shown a larger variance, thus less certainty in the actual number 
needed. 
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TABLE 5. NUMBER OF TILES VS. AVAILABLE THICKNESS 



Total No. Tiles For Repair 

Case No. 

1 

2 

3 


Slab Thick, (in.) 





3/4, 1, 2 

79 

102 

70 


3/4, 1-1/4, 2 

64 

31 

65 

SELECTED 


TABLE 6. MATERIAL VOLUME VS. SUPPLY MODEL 






Volume 

FT 3 


Tile Tk. (in.) 

Mean 

Std Dev 

3X 


X > 2 a 

X + 3a 

2 

22 

18 



2.4 

3.2 

1 1/4 

26 

11 



1.3 

1.5 

3/4 

22 

8 

1.0 

.5 

.6 

.7 

TOTAL 

1 


5.8 

3.2 

ns 

5.4 


♦SELECTED FOR STORAGE BOX ASSESSMENT (PRELIMINARY) 
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4. 3 CURE -IN -PLACE ABLATOR 


4.3.1 OBJECTIVES AND APPROACH 

The general requirements for the cure-in-place ablator are summarized in Paragraph 
4. 1. To meet those requirements, the objectives of this task were to: 1) select "off the 
shelf" materials requiring a minimum of development, 2) select a material or materials 
offering flexibility in cure time in vacuum, and 3) select an elastomeric material to provide 
compatibility with the residual of the cured RTV-560 primary adhesive remaining in the 
cavity. 

To provide maximum compatibility of the primary* shuttle oond system and the repair 
system, primary emphasis was placed on silicone rubber compositions based upon GE 
RTV-560 and the RTV-500 series of materials. These methyl-phenyl based elastomers 
offer high temperature performance as ablators or as insulators, and, as a result of low 
glass transition temperature ( — 175*F) will perform successfully at low temperatures as 
well. 


The selected pre-cured ablator (ESM 1004 -AP) is based upon RTV-560, and the primary* 
approach of the cure-in-place task has been the investigation of RTV-560 and RTl'-577, 
both unmodified, and modified with fillers as potential repair materials. 

4.3.2 CATALYST AND CURE STUDIES 

Catalyst Feasibility Study 

The specific intent of this sub-task was to rapidly screen and evaluate a wide number of 
possible catalysts and catalyst combinations not currently used for RTV-560 and RTV-577 
and similar silicone rubbers to assess their feasibility for rapid gellation in vacuum. These 
tests, shown as Table 7, were conducted in laboratory vacuum (10* torr) and at room 
temperature. This study was limited to a maximum of eight materials in order to rapidly 
select the most promising material or material/combination for extensive evaluation. 
Selection of the most promising candidate was on the oasis of relative gel times, and degree 
of cure after 24 hours at room temperature. 
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In order to conduct these tests as quickly as possible, a laboratory desiccator was fitted 
with a 1-inch thick flat acrylic cover with pasj-throughs for: 1) vacuum hose attachment, 2) 
pressure gauge, 3) mixer shaft, and 4) hypodermic syringe needle for catalyst introduction. 

The general procedure was to place the repair material (RTV-560 for the feasibility 
study) in a disposable container in the vacuum chamber and de-gas the resin mix. After 
bubbling had subsided, the catalyst or catalyst mixture was introduced via the syringe am: 
the mixing begun. The pot life (working life, spreadubility life, bonding time) and the gel 
time (time when material is essentially tack-free) were assessed for each combination 
evaluated. Although not completely applicable, the gel life '’’as determined per the general 
recommendations of Reference 1, while pot life was considered to be the stall point of the 
mixer in the vacuum chamber. 

The results of the catalyst feasibility tests are listed in Table 8, and the conclusions 
of the sub-task summarized below. 

CONCLUSIONS 

CATALYST FEASIBILITY TESTS 
(RTV-560) 

• Lead, zirconium, zirconium/tin, and zirconium/lead mixtures arc not effective. 

• Hafnium alkoxy surface skins, and is not recommended. 

• Tin complexes, particularly stannous octoate (STO) are recommended. Dilution 
with silicone fluid is necessary to provide mixing time in stirring type equipment. 
Dilution may not be necessary for positive displacement flow-through mixing 
systems. 

Explore STO/SF 96-50 mixtures to provide STO concentrations >0.3 \VT% of 
RTV. 


Catalyst Concent ixition and Temperature Evaluation 

The most promising candidate catalyst or catalyst eombinati™ selected in the previous 
task were extensively evaluated at several concentration levels Over the application tempera- 
ture range of 40° F to 125* F receding initial primary attention (current requirements range). 


Ref. 1. "Method of Test for Gel Time and Peak Exothermic Temperature ol Epoxy 
Compounds", SPI, Method ERF 2-61. 
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1 ho evaluations conducted included sol or go! lime, degree ol cure allot’ IS to 2-4 hours in 
vacuum , ami hardness versus depth ol ihe male rial. The planned lost matrix is shown as 
Table 0. 

Fused upon tin* screening results. Stannous Ocloalc catalyst, t>U tided in SI* i, i r*-f>o sili- 
cone n u 1 1 1 wa> selected as the prime catalyst system candidate. 

live mixtures ol catalyst/fluid wore evaluated with lU'V-aiid in Mk range u. J in [ . 2 
\\l, i catalyst oased on resin solids ;Tublo 1 U) . bund No, 2 (ti.uwl.a STO) was selei led 
as the prime * amhdatc to meet the early program .bpetive ot gellawor. to a Lwk-!ivc stale 
m lf> -dd mimues. The room temperature vacuum d »U us listed m Table iu. 

Catalyst blend No. 2 was then utilized to generate hardness and gel limes for KTV-oilu 
ami HTV-577 ai a" , 4u* . and 120* F in addition it) the room temperature data previously 
obtained, Thai data, Table 11, shows a considerable variation of gel times and show a 
hardness (after 24 hours) as a function of temperature range. The available data, Im* 
RTV-500, and RTV 577 based formulations is summarized in Figure lt» showing lime- 
temperature data. Additional data will have to Ik i accumulated early in the follow-on pro- 
gram io completely define these characteristics for f> 7 7 F . The data must l>c accumulated 
using a static mixer approach. 

It should also l)o noted that prior to inception of this sub-task* the vacuum capability 
was enhanced by use of an upgraded facility capable of 10 *’* t u lo’ f> u> rr W itn a bell jar large 
enough to permit ca'ulysl addition and mixing totally within the vacuum environment, that 
facility is shown as Figure 17, AH subsequent materials evaluation testing was conducted 
in that equipment. 

Effect of Vacuum Level 

The objective of this task was to demonstrate that the reaction rales of the HTV-atU) 
rubber/ catalyst mixtures will not vary as a result ol vacuum level and possible related 
moisture content. A series of experiments were conducted to assess the gel time and cure 
lime of the selected system as a function of vacuum level and time at vacuum, Pro -dried 
and pro -ilea e ruled base polymer as well as as-reecived material was included in the evalua- 
tions. The evaluation matrix is listed in Table 12. 
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Tin* vacuum level experiments weio vondm ted using the early desiccator/ laliorilory 
v:nuum (10* ton) equipment , as well as tlie liH t, ; equipment, aiul all tests were 
conducted at room temperature. In addition, Shore V hatdnesses were determined alter s, 

In am) 2 I hours in the particular environment. 

The gcllation rales were similar to those shown m Figure hi lor "as received" a.\i lor 
"do-aerated" polymer, whereas polymer heated to 3ou # F and dc-acraled did not cui ■ saits- 
laetonly and/or required 2 to .1 limes longer lor gellatnm as a result oi toss o! detained 
moiMture as well a« air. (Approximately 2 to 2.2 wt . \ at lit* lorr.) Subsequent lesl^ were 
eoudueled with de -aerated material only. 

Hardness measurements were made on dc -aerated material and comparco to data pre- 
en 

vlously generated on an UTV-abO composition using a T-12 (dibutyllin dilauiate) catalyst 
system. The T-12 system ts a slower ealalysl system, normally used^or Ixmding applua- 
tions. As can lx' seen from Figure IS. eure with the STO (as evideneed by hardness genera- 
tion) Is rapid ami provides 24 -hour hardnesses similar to 72 to 120 hour hardnesses with the 
slower system. It Is also evident that vacuum level plays little part in rate of cure or final 
hardness of the system. Data Included from the temperature study points out the slower 
eure rale of the <>* F and *15* F test specimens. 

The HTV-500 series of elastomers are condensation tyi>c ixdymers yielding a reaction 
product as a result of the imlymerUaHon reaction. The generalized reaction is; 

2H x SiO!l H x Sl-0-SiU x * IhO 

In actuality, however* the condensation reaction products consist of a mixture id water, 
ethanol, and low molecular weight poly-siloxaucs which are un reacted. The anticipated 
mass of material released is 2 to 3 w[.\ resulting in oulgas of these products in vacuum 
during the polymer eure and lormation ol a |hh*ous elastomeric struct ore. Figure ID shows 
increased void sue with increase in vacuum level for materials catalysed at the same level. 
(Blend No. 2, U. t> wl.'{ STO.) figures Id Ui rough It) illustrate 1<T V-fniU (Gun jhiisc viscosity) 
catalyzed, mixed ami cured at various vacuum levels. Figure IDA represents a specimen 
cured in a confined system at one atmosphere. 
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Figures 19C and 19D show UTV-fxiO cured at 10“* torr. The specimen shown in Figure 
19C was not degassed prior to mix and euro and illustrates the large volume expansion 
(arrow) to be expected prior to material collapse if non-degassed materials are used, 
figure l!)D, in comparison, was degassed over-night prior to mixing and cure. The larger 
void content of Figure 19B represents the difference in amount of entrained gases removed 
as the rosin is more thoroughly degassed. Figure 19B was degassed approximately one hour, 
wmle the Figure 19D specimen was treated over-night. 

Increased viscosity can also result in a greater amount ol trapped condensation products, 
figure l'JE shows a specimen ol filled RTV-50U (KTV-5G0L) with a viscosity of 15uo poise 
(three times the viscosity of the base material). This material had been degassed for two 
hours. 


Figures 19F and 19G show porosity of the cured specimens of RTV-577. Figure 19 is 
of HTV-577 at an initial viscosity of 5000 poise, while the RTV-577F (filled HTV-577) shown 
in Figure 19G was approximately 14000 poise. Both of these samples were prepared with 
resin that had been degassed for two hours. 


These figures show the importance of thoroughly degassing the resin prior to vacuum 
cun*. For the higher viscosity materials, degassing Is more difficult and will require 
special procedures Including either blending under vacuum and/or degassing (with mixing) 
prior to loading the mlxer-applieator. 


Regardless of these procedures the vacuum cured materials will have a porous structure 
of some degree. This structure will be different for the operational static mixer than for 
labo rating batch operations. II will also p reliably lx> different for space /.oro-g with vacuum 
as compared to one g with vacuum. One sample was taken with the breadboard application 
discharging Into a vacuum of 10"'* ton*. The 577 F material was degassed over night (-8 hrs). 
The cured material resulting from Uiis operation Is shown in Figure 20. The porous structure 
is very similar to that of laboratory HTV-577 (Figure lt)F) except for slightly larger pores. 
This is probably due to less effective degassing. The 577 lower viscosity material was 
degassed with stirring while Uie breadboard 577b material of higher viscosity was degassed 
without mixing due to equipment limitations. The 577 sample (liguro L9F) was considered 
suitable for repair material performance (concurred by NASA at the mid-term meeting) 
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and the first vacuum specimen from the breadboard dispenser was very similar. It is 
expected that the slightly larger pore size will be reduced by more effective degassing 
and will be further reduced by zero-g effects. 


Thermal Aging - Reversion Assessment 

Reversion is the de -polymerization of a cross-linked polymer under die combined 
elfects of heat and the solvating action of low molecular weight unreacted species. Reversion 
is a time dependent reaction, generally occurring over a relatively long period of time, and 
is not regarded as a major problem. However, assessment of the developed cure-tn-pluce 
ablator was considered important for a man-rated system. Accordingly, specimens of 
vacuum cured RTV-5G0 and RTV-577 were aged at 350* F in a closed system for a period 
of one week. No evidence of softening or de-polymerization was observed, confirming the 
conclusions reached in References 2 and 3 regarding the advantages or stannous octoate 
catalyst in promoting reversion resistance. 


4.3.3 MATERIAL FORMULATION/PERFORMANCE TRADE OFFS 

The basic objective of this task was a limited assessment of potentially desirable bene- 
fits of filler additives to the selected cure-ln-placo ablator material. The fillers were 
incorporated for several reasons such as lower density, greater char retention during 
ablation, lower thermal conductivity, and increased polymer viscosity. Candidate fibrous 
and non-fibrous fillers which were considered arc shown in Tables 13 and 14. 

Of the potential fibrous and non-fibrous materials several nilcrospheros (Eccospheros 
SI and PQ Q-CeU 200) and an aluminum silicate fiber (JM 221) were selected for evaluation 
on the basis availability in the laboratory consistent with temperature capability for the 
ablative environment. Four formulations were prepared (Table 15) and evaluated via the 
NASA-JSC Arc Jet Tost (Paragraph 4.3.4). 

As discussed in Paragraph 4.3.2, it became necessary to dilute the stannous octoate 
catalyst with a dimethyl silicone fluid SF 96-50 in order to incorporate the catalyst 


Ref. 2. "Cure and Reversion of Silicone Elastomers in Sealed or Confined Systems", 
Plastics Technology TIS Report G5SD301, C. W. Wilson, S/9/65. 

Ref. 3. "Projected Solution to RTV-560 and PD-1G2 Material "Reversion" in Closed 
Systems", PIR 8158-1427, J. Axelson, 11/5/GG. 
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uniformly. In support of the dispenser design activities, a number viscosity determina- 
tions were made to provide design data in the temperature range 40* F to I2U*F. Data was 
obtained for: 

1. Stannous oetoate (f igure 21) 

2, Stannous oetOJ**;/SF 96-50 Catalyst Blend No. 2 (Figaro 23) 

-3. RTV-560 (Figure 22) 

4. RTV-577 (Figure 23) 

5* RTV-560E (Figure 23) 

6* RTV-577E (Figure 24) 
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TABLE 7. CATALYST FEASIBILITY TESTS 


Metal Inhibitc r 

Catalyst Form 


Tin 

Stannous Octoatc 
Star.nous Octoate/SF 96-50 
Stannous Octoate/RTV-9811 


Lead 

Octoate or Naphthenate 


Zirconium 

Oetoate or Naphthenate 
Octoate w/Tin, Lead Promoter 


Cerium 

Octoate or Hexoate 


Hafnium 

Alkoxy 


Screening Conditions: 



Room Temperature 



Laboratory Vacuum, 10* torr 





TABLE b. CATALYST FEASIBILITY TESTS (KTV-560; 
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CONDITIONS. ROOM TEMPERATURE 

LABORATORY VACUUM. 10° TORR 


TABLE 9. PRIME CATALYST EVALUATION 


(TEMPERATURE AND CONCENTRATION EFFECTS) 


TEST TEMP., ’F 








TABLE 10. CATALYST CONCENTRATION TESTS (KTV-560) STO/Sf 96-50 
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TABLE 11. GEL TIME AND HARDNESS VS. TEMPERATURE 



- ' 

RTV-560 

, CATALYST BLEND NO. 2 



Temp-F 

Gel Time 

Shore A (at Gel Time) 

Shore A (24 hr) 


0 

4 Hr. 

— 

34 


45 

45 Min. 

14 

38 

. : 

70 

35 Min. 

18 

50 

. 

’ 120 

3 M'd. 

20 

53 



RTV-560, 

CATALYST BLEND NO. 1 



0 

8-10 Hr. 

— 

30 


45 

2 Hr. 

15 

35 


70 

1-1/2 Hr. 

17 

50 


120 

5-6 Min. 

25 

52 


NOTE: Hardness variation versus depth was within expected instrument 
tolerance of units. 

TABLE 12. VACUUM LEVEL EXPERIMENTS 



Material Condition 

-Pressure 

As-Receire-? 

De-aerated Heated. Deaerated 

Ambient 

X 

X X 

10* TORR 

X 

X X 

10“ 5 TORR 

X 

X X 
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TABLE 13. LOW DENSITY NON-FIBROUS FILLER MATERIALS 
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TABLE 14. COMPARISON OF FIBROUS REINFORCEMENT 
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RTV560 


LAB. DATA (STIR MIX) 

X-0.3 WT% STO 
• -0.6 WT% STO 

RTV577E BREADBOARD AND PROTOTYPE DATA 

-0.2 WT% 

--0.3 WT% 


NOTES 

• WORKING LIFE - 30% OF GEL TIME 

• SLIGHT DECREASE IN RTV577E 
CATALYST CONCENTRATION INDICATE 
TO EXTEND WORKING LIFE 


START/STOPPED PROTOTYPE 
DISPENSER THREE TIMES 
WITH 15 MIN DELAY AT 
THIS CONDITION 






SHORE A HARDNESS 









TEMPERATURE, ’F 

Figure 22. Viscosity vs. Temperature RTV-560 



T . I 


Figure 23. Viscosity vs. Temperature RTV-577 and RTV-560E 





4.3.4 ABLATION TESTS 


Text Matrix and Objectives 

The Arc Jet Ablation Tests, conducted by NASA -JSC had several objectives: 

a. Evaluate base-line RTV-560 and ESM I004AP in the shuttle environment 

b. Assess ablation performance of RTV-577 versus RTV-560 

c. Provide assessment of several filler classes and types for formulation guidance. 

The first series of test specimens were 3.875-inch discs of HRSI 2.0 inches thick with 
2. 0 inch diameter holes to contain the repair material. Tne test model configuration was as 
shown in Figure 25. All materials were past -in place at ambient pressure. Chromel-alumel 
thermocouples (20 gauge) were Installed at nominal 1/4, 1/2 and 1.0 Inch depths from the 
front face. The specimens prepared and tested are shown in Table 16. The formulations of 
samples ”B" and "C" are GE Company proprietary, while the remainder of the formulations 
may be found in Table 15. Table 16 also provides objectives and expected results for each 
model. 

A second series of specimens, two in number, was also prepared at ambient pressure 
for test. The test specimens were 6 x 6 x 2-inch HRSI tile* with 3. 0-inch diameter holes 
to contain the test material. In addition to thermocouples in the repair material at the same 
depths, as before, two additional TC's were provided, one In the HRSI at 1/4 inch depth and 
one for the HRSI backface. The two additional specimens were: 

N ominal PCF 

1. RTV-560E 71.8 

2. RTV-577E 69.2 

NASA personnel provided X-rays and actual in-depth T/C locations, and pre- and post- 
test photographs for each model. In addition, a Nomex felt insulator (SIP) and an aluminum 
structure were bonded to each model as shown in Figure 25 and two additional thermocouples, 
one at the surface of the SIP and another at the structure surface, were installed at JSC. 

Test Environment and Results 

All samples were tested for a 600 second time period for the arc environment described 
below, which simulates a high heating rate area on the shuttle vehicle. The test environ- 
ments were as follows: 
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- 42 Btu/ft‘- see 


%o!d wall 
H R - GGOO Btu/!b 

P - 0. IS psia 
c 


The samples designated A! and A2 in the pro-lcst photograph Figure 2ir*j are ix>th 
uafillod RTV-5150 (P v - lbs/ft 3 ). Both samples performed as expected, exhibiting , .vtos- 
sivo swelling as seen in the post test photographs in Figures 2GB/2G C/D am: allowing no 
significant thermal penetration (DFAT - S* (<| GOO seconds), at the SIP backfacc, Figure 27. 


Sample A 1 which expanded more severely than any of the other models had a mushroom 
shaped char at completion of tfte lest. This char layer was attached to the model at the 


completion of the test, However, during the removal process (from the sting) it was un- 


avoidably jarred loose. Referring to the post test photographs it is apparent ’-hat although 
sample A2 also experienced considerable expansion (0.371"), it did not exhibit a deformed 


chat layer. Dut Ing the* test the : .ng arm holding sample A1 was observed to undergo a 
number of severe forward and aft vibrations, which most probably resulted in loss of the 
periphery char and cause*d the surface deformity. This malfunction was traced to a U>ose 


electrical connection, controlling the left arm movement, which was corrected for subse- 
quent tests. 


From the photographr of the sectioned models. It is evident that at some point during 
the expansion process, both samples developed an air-gap between the charred layer and 
the residual virgin material. The char layer was most probably retained as a result of the 
lateral expansion that appears to have occurred; however, no fractures are evident in the 
RSI holder. 


The surface and in-depth temperature history responses of these two models ure quite 
similar as shown by comparing Figures 27A and 27B. Both sets of data indicate little or no 
temperature rise at the structure surface. Analytical predictions were not generated for 
comparison to these data because the material has only been characterized in the low 
temperature regime, and char conductivity specific heats, and thermogravomc-lric data 
are not available. A comparison of available KTV-5G0 material data, to comparable 
ESM1004AP data (F.guro 28), shows that the thermal characteristics in the virgin stale are 
similar. However, this does not necessarily mean the materials will perform in a like 
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manner. Char characteristics of the two materials will determine their respective in-depth 
temperature responses. In fact, a comparison of the ESMI004AP post-test models (Figure 
29B and 29C) and test data (Figures 30A and 30B) to previously presented RTV-560 data shows 
that the temperature responses through the first inch of the materials are quite different. 

If the materials had performed in a similar fashion (comparable char expansion, char depth, 
etc.) the observed differences could possibly have been attributed to ynique char formation, 
however, referring to the photographs of the sectioned models (Figures 26 Cl/2 and 30B) the 
difference in expansion are evident, along with the development of a large air-gap in both 
RTV samples. Comparing the data defined on Figures 27 and 30 shows that the thermo- 
couples in the ESM models res ponded* much more rapidly than those in the RTV samples, 
although no appreciable temperature rise was measured at the structure of either material. 
This comparison suggests that expansion and/or development of the air-gap in the RTV 
samples began almost immediately, if expansion began' at the onset of the test, the effective 
location of the thermocouples from the surface of the RTV samples would be greater than 
that of the corresponding T/C's in the ESM models, both of which experienced less than 
120 mils expansion (Figure 29). If an air-gap did exist in the RTV-560 early In the test, 
then the primary mode of heat transfer was radiation heating which would also produce 
lower than expected temperatures. Thus, the differences in the measured in-depth response 
between the RTV and ESM models is probably a combination of both effects. 

Analytical predictions have been generated through the use of one-dlmenslonal Heat 
Condition code (REKAP-Reference 4) and the analytical model outlined in Reference 5, 

These results are compared to the ESM measured data on Figure 30, These predictions 
are based on a cold wall heat flux of 42 Btu/ft^ sec with an enthalpy level of 6600 btu/lb. 

It can be seen that the analytical model is underpredicting the temperature response for 
comparable T/C locations up to 1.0” from the surface. In addition, the model is also 
underpredicting the surface temperature measurement obtained by pyrometry. These 
measurements have been adjusted to account for a surface emissivity of 0. 85 which is the 
value employed in the analysis. Noting the difference between the measured and predicted 

Ref. 4. Hannon, J.D. ’'User's Manual for the One Dimensional Heat Condition Program 11 
(REKAP), 10-18-65. 

Ref. 5. Florence, D, , "Thermodynamics Ground and Flight Test Pei formance of a Low 
Density Elastomeric Silicone Formulation", 10-23-67, Data vlemo TTC-1L0. 
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“ ,mCC ‘ '■' S '” nS0 h “ ine «“** »>**** ESW undergoes on exothermic reaction « 

lh0 ^ und predicted gas injection cocfficcnt ,3V, 

vrent compared to a correlation (Held fence 5) based on theory and data, in order to dec - 

mine the test environment regime. This comparison is presented on Figure 31 . which 
indicates any combination o( B-g and enthalpy tba, lie Ueto. the corn gas injection line 
nu.d be in .he exothermic regime. The plotted data point Iron, this test docs i,c below 
bon ■ tary indicating a heating rate of ..hot,, Itrf greater than that employed the analysts! 
AK . during the tests it was noted that the thermocouples located at the structure surface 
indicated a higher temperature response than the sensors located at the surface of the s;p. 
Since the models were encompassed a water -e-ooled holder there was no possibility tha, 

the structure temperature was being driven by an outside energy sou.ee. Its response was 
due entirely to conduction. Therefore, fhe unexpected response of the structure T/Cs prior 
to the response of the SIP sensor leads one ,o conclude that .here may be two-dimensional 
conduction effects. A comparison of the thermal differsivit, versus temperature for the 
RSI and ESM Is shown on Figure 23, which supports Ute theory tha. two dimensional con- 
duction Is occurring. Thus, It's believed lha, the combined efteels ol cxothermiclty. two- 
dimensional conduction, and expansion, which is not accounted lor in the predictions, arc- 
primary causes for the measured versus predicted temperature differences. 

samples Cl and C2 (Figure 32) are ESM Part A samples (unfoamed ESM). The posl- 
lest photographs indicate that both models expanded mute severely (0.333- and 0.233", 

respectively) than the standard ESM models, and that the ESM Part A experienced some 
surface melting which was not observed on any of Ute other models. As was noted in the 
sectional A1 and A2 models, Iho photographs ol the sectioned Cl and C2 models also show 
the development ol an air-gap between the charred am, residual virgin malerial. The air- 
gap is ouch mom apparent in the sectioned C2 model allhongh il is not as large as lh.,1 
observed in Ids. samples A1 and A2. In model Cl the air-gap is smaller and appears .. 
lx- in ,hc development sutge relative to the C2 model. The lcmpcrau.ro performance of the 
two models are presented on Figures 33A and 33B, which show ihal with the exception of 
the nominal 0.25-,nch dop.h sensor, lale in Ihe U-sl, the models performed consistently. 

At above 350 seconds into die iest the shallow T/C on ihe C2 model begat. to rise a, a more 
rapid rate than the corresponding sensor on Ihe ct sample. This difference could bo Ihe 
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result of the 50 mil expansion difference between the two models, which as pointed out in 
the discussion of the RTV-560 models effectively positions the sensors at different in-depth 
locations from the surface. Also, another factor that may be producing hese temperature 
differences is the 0.25-inch T/C in the Cl model appears .to be locate-.! wnere me air gap .s 
developing, whereas in the C2 model the air-gap is well below the first sensor. In general, 
the overall performance of these samples is considered not as good as the - standard E5M 
performance and only comparable to that of the ltTV-SGO. The material will Limit backfae-e 
temperature response, however the expansion, foaming/melting, and char retention may >o 
a problem. 

The fourth material that was tested was Model D, a modified RTV-560 (filled with 
ceramic microballoons - Figure 34). Post test photographs of this sample show that the 
model otpanded excessively (~0.284"), developed an air-gap, and the RSI holder cracked 
to a dept 1 ! of about 1. 0 inch. The temperature performance of this sample is described on 
Figure 34 D. It should be pointed out that this sample was not at an equilibrium temperature 
level at the Initiation of the test. This was the result of an automatic test shut-down, at 
110 seconds into the test, due to a vacuum loss in the test chamber. Restart did not occur 
for approximately 4 minutes and the initial temperatures shown on this figure are those 
measured at this time. The thermocouple, nominally placed 0.50-inch from the surface, 
failed about 100 seconds after the test restart and responded in a very erratic manner; 
therefore, no reliable temperature data Is available for this location. The 6IP and structure 
measurements indicate no appreciable temperature rise at these locations and the overall 
response of this sample appears to be consistent with the other RTV models. In comparison 
to the ESM model the baekface performance is basically the same; however, the in-deptn 
response, up to 1.0-inch, is consistently lower than the ESM which is most probably due 
to the differences in expansion and/or the development of the air-gaps. 

Sample E which is RTV-577 with ceramic microballons and inorganic fibers (Figure 35) 
was tested with the previous sample in the right sting arm. RTV-577 is basically RTV-560 
without the iron-oxide. Post-test photographs show that this model experienced very little 
expansion (0.052") and that the apparent char depth is considerably less than that of any 
of the other models. As can be seen from the lop view photograph some cracking of the 
surface char layer and foaming did occur. In addition, it appears that son., local melting 
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occurred at the interlace of the RSI holder and the RTV-577 simples. Despite this, the 
low expansion, char retention and relatively small char depth if this material, along with 
its temperature performance, which is similar to that of the ISM, indicates this material 
is a primary candidate for the cure-in-place repair material. 


The final model tested was RTV-560 with inorganic spheres. (Figure 36). Measurements 
indicate this model expanded about n. 20-inch and as can be s«n in the photographs some 
cracking of the surface char and slight foaming did occur. Tie char depth ot this model is 
considerably larger than that of the RTV-577 model. It has approximately the same char 
depth (0.75") that is evident on the ESM samples. However, alike the ESM samples, a 
crack between the char and remaining virgin material is apparent from the sectioned view 
of this model. The models temperature performance is described on Figure 36D, and 
comparison of this data to the measurements from the other samples shows that the shallower 
T/C's responded more like the ESM, rather than the other modified RTV-560 models. 


Conclusions and Recommendations 

The backface temperature response data of all models stowed that any of the tested 
samples would adequately limit the structure temperature rise. However, based on the 
expansion characteristics, char depth, char retention, and the materials ability to resist 
fracturing, two of the materials, ESM-1004AP (Samples Bi acd B2) and RTV-577 (Simple 
E), outperformed the other candidates for this environment. RTV-577E was selected for the 
cure -in-place ablator on the basis of this performance data. 


A summary chart which briefly defines the test results (temperature rise, weight loss, 
and expansion) is presented in Table 17. 


Subsequent testing (channel flow) at NASA^ISC is scheduled for larger samples to 
determine the performance repeatability of the material (RT\-577E and a stmilaily filled 
RTV-560E model), under a high shear environment channel flow configuration. 
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TABLE 1G. ABLATION TESTS - SERIES f 1 (EOS 5 MW ARC HEATER) 
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TABLE 17. SHUTTLE TILE REPAIR KIT TEST RESULTS 


Material 


RTV-3G0 


Sample 


SSM- 1 OO-LAP 


ESM (Part A) 


RTV-5G0 

W/Ceramic 

Microballoons 


RTV-377 

V»7C>ramlc 

Microballoong 

RTV-560 
w /Quartz 
Spheres 


Expansion 
at Model 

0. 5007" 
0.371" 


Wt. Loss 
(grams) 


0. 117" 
0 , 110 " 


0.3327" 
0 . 2832" 


8.5 

0.3 At 


0. 2837” 7.5 


0.052" 12.4 


0.2031" 7.8 


Test Results 

Beth samples exhibited excessive swelling, as 
expected. Sample A1 had a mushroom shaped 
char at ccmple of test, however loss ci sub- 
laver char raa ve been a result of sting arm 
vibrations. IV face (S T1 ^) T/C showed no sig- 
nificant therm penetration (AT-S. 0 " 600 sec). 

Both samples exhibited slight swelling and re- 
tained char layer. Minimal cracking of char in 
near surface layer observed. RSI holder (32) 
appears to liave 'experienced some melt at ESM/ 
R5I interface. Test shutdown (due to oxygen 
loss) occurred 424 sec into testing of sample 131 
(SIP T/C indicated ~-3 8 temperature rise). Time 
lapse greater thari 5 minutes (soak) resulted in 
SIP temperature rise -27° prior to sample in- 
sertion for completion of 600 * 3 test period. 

Final temperature rise abou, Sample B2 
was tested for 600 sec (continuously) - mea- 
sured temperature rise was 87 Comparison 
of the first 400 seconds for each sample indi- 
cates similar performance. 

Expansion for both samples was less severe than 
samples A1 & A2. Char was retained; however, 
both models appear to have experienced some 
melt and had cracks in the char layer. SIP 
temperature .rise, (Cl-)*-- 7-. I 6 - C2 (—3. T J ). 

Test shut-down occurred 110 seconds into test. 
Approximately 1 minutes passed prior to re- 
start. Thermocouples responded erratically. 
Sample expanded somewhat less than pure RTV 
models. RSI holder racked to a depth of 
about 1 . 0 ". 

Experienced less expansion but cracked more 
than other models. Also, re-solidified foam 
was apparent on test sample and RSI holder. 

SIP temperature rise^ 9°. 

Sample experienced some cracking in char 
layer and slight foaming. Expansion was less 
than that observed for samples A1 & A2. SIP 
temperature rise — 10 *. 






WATER-COOLfcD 
HOLDER “1 



SOFT INSULATION 
(DYNA FIBER) 



NOTE: SIP- NOMEX FELT 
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Figure 25. Test Model Definition 
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Figure 26, Model A1 and A2 Photographs 



i RS l = 9 LB/FT 3 
’ESM " 36 LB/FT 3 
RTV - 87 LB/FT 3 
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RTV -560 




Figure 29. Model B1 and B2 Photographs 
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Figure 30 . Model B 1 and B 2 Thermocouple Data 
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Figure 32. Models Cl and C2 Photographs 
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Figure 33. Model Cl and C2 Thermocouple |,ata 
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SAMPLE D RTV 560 W/CERAMIC MICROBALIOONS 



B. POST TEST 


E P - RTV -5c\' 

petth. oxmi 

I ° sin? fa re o stp 

; \ 0. ?*’ 

- ’ . 4* STRICTl'Kf 

^ ; * «i. w F 

* i. w 


si 

• f 


J-:j 



C. POST TEST (SECTIONED) 0. THERMOCOUPLE DATA 

Figure 34. Model D Photographs 3nd Thermocouple Data 
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SAMPLE E RTV-577 W/CERAMIC MICROBALLOONS 





Figvrc* 3(5. Model F Photographs and Thermocouple Data 



Figure 37. 


Reserved for late ablation tests; data 
not available. 
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1 . . 5 PROPERTY E VA LI’ A 1'IONS 
Pre -Cured A blator Rond Tost 

The objective of tins Risk was :o determine bond enpafc.Uiy of the selected ablator-rurod- 
in-place bone! inter face. 


A series ot ’bitwise (butt) tensile dronglh tests were- rnducted using the 


selected ib- 


bum- and the cure in -nl.ace bond .cater,., Is to determine tv bond strengths of U.o ablator 
eur.e-in -place ablator ,i elevated temperature. This lest matrix is shown as Table 1b, and 
the specimen configuration as Figure IS. 

The test data for HTV-otiOI- and RTV-577E bended to ESM 1004 AP is listed in Tables 
10 and 20 and plotted on Figures 30 and 40. The failure nudes were primarily adhesive to 
the ESM 1004 AP at room temperature with loads in excess af die 40 psi requirement. Post- 
tost photos are shown as Figure 41. 

Cure-in-Placo Ablato r Bond Tests 

The objective of this task was to investigate bond strengths of the cure-in-place ablator 
and associated substrates. 

The mechanical properties determined were bond strength (butt tensile) to substrate con- 
ditions identified by NASA-JSC. The lest matrix is shown irt Table 21. 

The test data for RTV-5<iOE and RTV-577E bonded to GFE P TV-500 'SIP is listed in 
Tables 22 and 23, and is plotted in Figures 39 and 4^ The failure modes for both repair 
materials were mixed: adhesive to the R TV -500 coated SIP and cohesive in the SIP. In 
almost all cases of adhesive failure, post-test observations indicated ripping of the SIP > s 
well, undoubtedly leading to Urn low level failure stress. Additional specimens were then 
fabricated of RTV-500E bonded to a well-cured RTV-500 surface only. Tests at 15o°F re- 
sulted in an average failure load of 99 psi (Table 24). This data point is plotted on Figure 
39 for comparison and indicates that SIP strength is the limiting factor. Post-test photos or 
the SIP tests are shown as Figure 42. 

Test data for RTV-5MK and RTV-577E bonded to FIFE HRSi tile is listed in Tables -> 
and 2 (., and plotted m Figures 39 and 40. The failure nude for RTV-500E was 1 00% cohesive 
in the tile near the bond interface with the exception of specimen no. l l at 40°F where failure 


also occurred in the center of the tile specimen, The failure mode for RTV-577F specimens 
\eas primarily cohesive In -he tile; however, ns a result of higher viscoshy and poorer well ini* 
several of the specimens also exhibited adhesive failure to the tile, The post-test nhoiogrnphs 
are shown as Figure 4:1. 

The specimen configurations m all eases were Identical to that shown In Figure :1S % with 
the RTV-afiO SIP or the tile In place of the FSM. The specimen flow plan Is shown in Figure 
44. 

1.3. fi SKLEC^::i) MATH RIAL AND ALT ERNATES 

A family c-f repair materials based u|x>n RTV-577 and RTV-iifiO have been identifier! to 
meet the following requirements: 

a. A curt 4 -In -place ablator has been developed to maintain the structure below ;i3o K 
during entry. 

b. Ihe material may be easily applied via caulking gun approadies, 

c. Collation In the 15 to 30 minute range In vacuum as Initially specified. 

d. Cures of 21 hours provide 40 psl strength or greater. 

0. The cmre- in -place may be used as the pro-cured ablator adhesive. 

The sclec&ed cure-ln-place material is RTV-577E, a fiber, microsphere filled H l'Y-577. 
lhe material has successfully met the ablation lest requirements, exceeds 40 psi flatwise 
tensile strength to fh pro-cured ablator and to RTV-560, and provides sufficient viscosity to 
prevent flow Into the remaining tile joints. While the viscosity of RTV-577E is very high, 
flow In the mLver-applicator does not Indicate this to be a problem. 

Investigation of RTV-577/RTV-51 1 blends (with fillers) should bo pursued to provulo 
viscosity control or optimization If required for mixer-applicator effectiveness. 
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TABLE 13. FLATWISE TENSILE TESTS 


Tost Temp F* Number of Specimens 

Comments 

•U) 5** 

3 



150 r> 

5 


Assess Failure Mode 

;i5o 

3 


as well us 
Ultimate Strength 

*13 minute soak at temperature prior to tost 
** 5 EA RTY-5tiOK & RTV-577E 







TABLE 20. BUTT TENSILE TESTS RTV-577E BONDED TO ESM-1004-AP 





Failure Mode 

Specimen 

Temp. 

Strength 

Adhesive 577E to 100-t-AP 

No. 

CF) 

(psl) 


1 

40 

05. 5 

1007 

2 

* * 

SO. 3 

■■ 

3 

* i 

G5.3 


4 

1 1 

03.2 


5 

1 1 

52. 1 



x GG.4 SD 

10.2 


1 

150 

57.0 

1007 

2 

M 

72, 1 

i • 

3 

•1 

45,4 


4 

M 

50.0 

if 

5 

?« 

50.1 

u 


x 54.9 SD 

10. 5 


1 

350 

32.0 

100'T 

2 

■* 

20.5 

1 * 

3 

ii 

42,7 

H 

4 

it 

40.8 

» 

r> 

*i 

42.4 



x 28.7 SD 7.5 



TABLE 21. 

BOND STRENGTH TEST MATRIX 



Number of Butt Tensile Tests at Temp 

Substrate 

40 V 75*F 

150'F 250 *F 350*F 

SIP/RTV- 

GGO'RTV-SGOE 

3 3 

.7 3 3 

S1P/RTV- 

5 (50 / R TV -57 7 E 

3 3 

3 3 3 

RTV-5G0/BTV-560E 


3 

Tile (Machine Surface) to 



RTV-5G0E 


3 3 

3 3 3 

RTV-577E 


3 3 

3 3 a 




TABLE 22. BUTT TENSILE TESTS - RTV 560E BOND TO SIP/RT\ 


Specimen Temp, 
No. fF) 


2 40 

7 

12 

1 75 

11 

5 150 

10 
15 

3 250 

8 

13 " 

4 350 

9 " 

14 " 


Break Stress 
(psl) 


27.2 
11.8 
w J , l 


x 32.9 SD 7.8 


25,0 
27.5 
32. 7 


x 28.4 SD 3.0 


23.8 

28.1 

24.3 


x 25.4 SD 2.4 


19.7 

2G.fi 

20.1 

x 22. 1 SD 3. 0 


18.5 

22.4 

20.0 


x 20.3 SD 2.0 


Failure Mode 


Adhesive- Cohesive - 

5G0E to 560 SIP Coating SIP 


100 % 0 

10 % 90 % 

o 100% 

100 % 0 % 

90 10 

o 100 

100% 0% 

o 100 

75 23 

100 % 0 % 

20 80 

0 100 

100% o% 

90 10 

100 O 



TABLE 23. BUTT TENSILE TESTS - RTV 577E BOND TO SIP/5G0 


Specimen 

No. 


2 

7 

12 

1 

6 

11 

3 

8 

13 

4 
9 

14 

5 
10 

15 


Failure Mode 

Temp. Break Stress Adheslve-SIP Adhesive -577(E) 

( (psl) to 5G0 coat to 5G0 


40 

36.0 


15% 

352: 


32.9 


2 

99 

»i 

23.9 

x 32. G SD 3.6 

30 

70 

75 

35.7 


95 

5 

H 

33.7 


70 

30 

1 1 

28.3 

x 32.6 SD 3.8 

40 

GO 

150 

26.5 


90 

10 

tv 

28.4 


30 

70 


23.8 

x 26.2 SD 2.3 

0 

100 

250 

19.8 


10 

90 

M 

22.0 


10 

90 

ii 

21.2 

It 21. 0 SD 1.1 

60 

20 

350 

20.7 


0 

100 

M 

18.7 


10 

90 

i? 

19. G 

x ’9. 7 SD 1.0 

5 

95 


TABLE 24. 

r— — — 

BUTT TENSILES 

- RTV 560E BONDED TO RTV 5G0 

(RTV-560 cured 4 hrs @ 160°F, RTV-560E cured 24 hrs at R.T.) 
Specliren 

No - Strength (psl) Failure Mode 

1 

137 

100% adhesive, 5G0E to 560 

2 

79 

100% adhesive, 560E to 560 

3 

99 

100%. adhesive, 560E to 560 

4 

97 

100%. adhesive- 560E to 560 

5 

83 

100% adhesive, 560E to 560 

T 99 




SD 23 




TABLE 25. BUTT TENSILE TESTS - RTV560E TO HRSI TILE 





TABLE 26. BUTT TENSILE TESTS - RTV 577E BOND TO HRSI TILE 


Specimen 

No. 

Temp. 

(*F) 

Break Stress 
(psi) 

Failure Mode 

Adheslve-577E Cohesive in 

to Tile Tile 

2 

40 

23. 5 

0 

1007 

i » 

7 

» i 

13. 1 

0 

12 

M 

11.1 

x* 15.9 SD 6. 7 

0 

M 

1 

75 

3.G 

0 

IrtOC 

G 

1 1 

11.8 

0 

*t 

11 


11.7 

x9,0 SD 4.7 

0 


3 

150 

12.0 

0 

ioo r 7 

3 

»i 

12.9 

5 

95 

13 

»» 

19. 9 

x 14.9 SD 4.3 

0 

100 

4 

250 

10. 9 

0 
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ESM 1004AP 



Figure 3S. Test Specimen Butt Tensile (ESM /Cure-In-Place Ablator) 



Figure 3'J. Butt Tensile Tests RTV-550E Blend 



Figure 40. Buti Tensile Torts 





RTV-560E/ESM 1W4AP 


RTV-577E/ ESM 1004AP 

Figure 41. RTV-560E, RTV-577E/ESM 1004AP Post Test Butt Tensile Specimens 
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RTV-$77E/RTV*M. SIP 


RTV-5ME/RTV-560, SIP 


Figure 42. KTV-5G0/SIP Butt Tensile Post Test Specimens 
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RTV560E/SIUCA THE 


RTV 577E/SJUCA T!LE 


Figure 43. RTV-560E, RTV-577E/Tile Post Test Butt Tensile Specimens 


FIRST STAGE BONO 

ALUMINUM 

ESM 

SOLVENT WIPE 

VACUUM 


GRIT BLAST 

SOLVENT WIPE 


WATER WASH 
AIR DRY 
PRIME 

DRY 


RTV -560/SIP 

VACUUM (BONO 
SIP SIDE) 


TILE 

180 GRIT SAND 
VACUUM 




J 


BOND WITH R TV-560 
ROOM TEMP. CURE 


SECOND STAGE BOND 


ALUMINUM ESM 

SAME VACUUM 


RTV -560/SIP 

SOLVENT WIPE 
RTV-360 (REMOVE 
FINGER PRINTS) 


TILE 

180 GRIT SAND 
VACUUM 




BOND WITH 1/4 INCH REPAIR MATERIAL 
TEST AT 24 HOURS 

Figure 44. Bond Test Preparation Flow Plan 
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•4.4 RE PAIll KIT 


The objective of this task was to establish requirements and perform a conceptual design 
of the repair kit with major emphasis on the development, fabrication, and evaluation of a 
dispenser mechanism for applying the cure-in-place aiiator. The repair kit is comprised 
of the dispenser, ablator materials (pre-cured and eured-in -placet, oLher tools and prepar- 
ation materials, the thermal eontr-l equipment and the storage cornu met- which interfaces 
mechanically and electrically with the shuttle and/or -huttle/EVA work station (s) to be 
defined by NASA. As part of this task, a very limited scope assessment of ike eontaim -, its 
thermal control approach, and a preliminary weight estimate was performed. Other to< and 
items required for the repair kit were not specifically studied; however, some s|*>eifie needs 
and approaches evolved from consideration of repair procedures. 


4.4. 1 DISPENSER CONCEPTS AND TRADE OFFS 

The objectives of this task was to screen a broad range of j>ossible dispenser concepts, 
examine two In more detail, and then select one for design and evaluation, the dis[>enser 
design effort was conducted in parallel with the cure-in-place ablator development task, 'lhc 
candidate resins '’catalysts/fillers (discussed fully in Paragraph 4.3) encompassed an extreme- 
ly broad range of viscosities and formulations (see below) which lent an extra nionsu re of 
complexity to the concept formulation and breadboard design tasks. 



CANDIDATE RESIN MIXTURES 

RESINS 

VISCOSITY 

CATALYST 


(POISE) 

WT RATIO 

RTV 5(J0 

50,000 


KTV 5G0E 

M0, 000 


RTV 577 

500,000 


RTV 577E 

1,500,000 


CATALYST 

S.T.O. 

Stannous Oetoale 

0. 1-1.0% 

DILUENT 

SF 9G-50 

Silicone Fluid 



DILUENT 
\VT RATIO 


1 - 10 % 
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The evolution of the dispenser concept, as will be discussed in following sections, 
occurred in the following sequence. 







Screening 
Select Two 

Static Mixer (Flow Mixer) 

Batch Mixer 
Evaluate Above 
Select One Concept 
Static Mixer 

Small Disposable (100-125 ir/*) 

Design Static Mixer 

Design and Fabricate Breadboard 

Review Concept at Mid-Term Meeting 

Convert to Large Static Mixer (independent of later NASA direction to do samel 
~ 400 >'n J 

Throw away Mixer /Nozzle 
Provide Wood M/U :o JSC & Review 
Make Mixer part of body 
Astronaut handles Hosc/Valve/Nozzle only 
Accumulate Breadboard Test Data 
Eliminate Throw Away Mixer/Nozzle by: 

Fixtending working time 
Possible tlushout if needed 
Design fabricate and test large prototype 
Final recommended solution 
- 40 / in 3 dispenser 

Tank & Mixer with I lose/Valve /Nozzle 
No throw away parts required 
Verified by prototype test data. 


Concept Formulati on and Description 

The various mixing and application concepts can be divided into two basic categories. 

In the first, the resin and catal) :t are first thoroughly mixed together, and the mixture is 
extruded thru a nozzle Into the repair area. In the second category, the catalyst and resir., 
In measured ratio are forced through a mixing device to the nozzle and onto the repair area 
A schematic of the static mixer concept is shown in Figure 45. 


T-ble 27 P its some of the concepts initially considered, and some general comments as 
to their suitability. These were narrowed down to two: one the axial piston batch mixer; 
and second, the continuous now/mixer. Conceptual designs of each are described below. 
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Co ncept No ^i - The mix and extrude concept Is illustrated by the design depicted on Figure 
10. l'he resin is stored in a chamber which incorporated the cylinder, a mixing and expelling 
piston assembly and a lead scicw. The piston consists of two members both having a pattern 
of holes passing thru them. The upper member is permanently fastened to the operating 
rod (and handle). The lower which also has paddle like vanes, is fastened by a bearing to the 
upper member and rides on the load screw. The catalyst Is Introduced either from a ruptur- 
ing bag stored in the pistons or by an external syringe inserted hypodermically thru a rubier 
plug in the upper cap. Mixing ts accomplished by moving the piston up and down. The resin 
mixture is forced thru the holes in the pistons while It Is further agitated by the rotation of 
the lower piston and its vanes. Extrusion of the mixture Is accomplished by pulling the 
piston fully up and then rotating it clockwise. A ratchet between the two pistons locks them 
In a relative position so that none of the holes In one piston align with those In the othor. The 
pistons arc driven down by the lead screw. This conceptual design requires that mixing and 
extrusion power be manually supplied by the operator. 

Concept No. 2 - The mix during extrusion concept Is illustrated by the design depleted In Fig- 
ure 47. Two cylinders are arranged concentrically; and the piston areas arc In the required 
volumetric ratio of the catalyst and the resin. The pistorn; are directly connected to each 
other thru a tower arrangement. Pressurizing the upper side of the resin piston drives both 
pistons downward. This action feeds catalyst and resin. In the correct proportion, to a 
abyrlnth typo static mixing assembly. This assembly consists of corrugations welded to- 
gether in a series and alternately crossed to provide many repeated divisions of the flow 
pattern to provide good mixing. Flow is controlled by a valve placed between the mixer and 
the nozzle. The two basic concepts are compared In Table 28. 

Other second tier trades that wore conducted arc described below. 

a * Manua> V8 ‘ Autom atlc Operation - Although the astronaut Is capable of performin'* 
various tasks. It was considered that an automatic or at worst semi-automatic ° 
dispensing system should be utilized. 

b ” Eloctrtc vs. Pneum atic Power — The decision to use the MMU EVA concept negates 
consideration of electric power unless from batteries included with the dispenser. 
Pneumatic power was selected for performing the automated mixing and dispensing 
functions. The specific source of pneumatic power is still under study; 

1. Compressed gas blow down and regulator 

2. Multi-phase vapor boll-off. 


< i < 


c. Piston vs, Bladder Expulsion — The piston method for expulsion Is far simpler than 
a bladder method (fabric or metallic) especially when a pass-thru for mechanical 
mixing/stirring must be provided, 

d. F low Control - Metering Valve vs. Pressure Control — A metering flow control 
valve at the nozzle Is a more positive method of control and was selected over con- 
trolling extruding pressure. 

4.4.2 SELECTED MIXER-APPLICATOR APPROACHES 

The ''mix during extrusion" static mixer concept was chosen for its greater simplicity 
and operating flexibility. This concept permits the use of small "throw-away" dispensers, or 
a large dispenser with "throw-away” mixer-nozzle assemblies. As an alternative to the 
throw away mixer-nozzle, the mixer-nozzle assembly can be kept clear over an extended 
period of time well In excess of the pot life by scheduling periodic flowing of the mixture to 
avoid setting up In the mixer or nozzle. This latter scheme trades "wasting" material in 
lieu of requiring operator assembly/disassembly functions and carrying spare mixers to the 
work site. Since the later also wastes material, the 9pare elements actually provide no 
advantage. 

Thus the trade off studies resulted in the adoption of a pneumatically operated, continuous 
flow system using a static mixer. The pneumatic actuator continuously meters out resin 
and catalyst In the proper proportion into the mixer. The static mixer wMl reliably mix 
whichever material Is selected and continuously dispense it upon operation of the flow control 
valve. The only parameters that must bo selected are the operating pressure and mixer size 
which are a function of the material selected and (low rate required. (This is discussed in 
detail in the following paragraph.) 

An advantage which occurred from this selection wus the capability of offering various 
options of the concept: 

a. Small throw-away typo dispenser. 

b. Large dispenser ( >1 gal. capacity) with a replaceable mixer-nppllcator. 

c. Largo dispenser ( >1 ga=.) which when coupled with a slower gelling material, will 
bo operable for longer periods of time, at worst requiring self-flushing with a 
fresh mixture of material. 
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The breadboard design was based on (a), a wood mockup provided to NASA during die f»lh nock 
of the program was teased an (b)* and subsequent design and prototypes wore based on fo). 

4. 4, .4 BREADBOARD DISPENSER DESIGN FABRICATION* AND EVALUATION 

Design 

The Design objective of this task was tr. design the hvc&dboatd disco ver model. Sketches 
of the dispenser parts and assembly were prepared of sufficient detail to permit fabric: tion 
and assembly, lhe breadboard disjxaiser readily disassembled for cleaning after eacn batch 
:ind prior to setting up of the mixture. Single j>oint failure and redundant features were r.oi 
Incorporated In the design, ilu* design was capable of being operat'd lr: a vacuum over a 
temperature range of 40-120‘K. 

The ability to vary* catalyst ratio was incorporated into the design* and pn ris procured 
accordingly. However, prior to assembly, the catalyst ratio was fixed at approximately 
10 V r and the design mtxilficd to accommodate this ratio. The brcadboaid dispenser was sized 
to deliver approximately 100 in.*'. It Incorporates the concept as shown in Figure I?* except 
that It utilizes standard 72 ft.** compressed gas bottles and adjustable pressure regulator for 
actuation ami rough plumbing and valves. The key features are real, namely the dual cylinders 
and the static mixer. 

Fabricate Breadboard Di spenser 

*lhc object of this task was to fabricate and assemble one dispenser to the sketches pre- 
pared In the previous task. Parts were manufactured and assembled in the prototype shop. 
Identification and procurement of long lead Items was expeditiously accomplished* and the 
fabrication completed on time. The concentric piston dispenser and the static mixer parts 
are shown in Figure 48. Iho pistons with their rods* the motoring tube* which separates 
the resin and catalyst and the end plates was made of G0G1 aluminum and the outer cylinder 
of PVC pipe. 

All static and dynamic seals employ nitrile (buna-N) O rings; and the end plates were 
held by full length tic bolts* Twelve element mixer assemblies were selected to mix the 
viscous material. These included a one inch diameter unit having 1/8 corrugations* 
a 1-1/2 inch diameter unit having 1/4 inch corrugations and a 2 inch diameter unit also with 
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1/4 incn corrugations. The housings are simply stainless steel pipe. Tne design and iabri- 
i ation tasks Included the lest sot up. Initial problems with loading the RTV, especially the 
more viscous 577 series resulted in significant air being entrapped in the loading process, 
in addition to that inherently trapped during mixing. Alterations to the set up, plus deaerating 
the material for a minimum of 4 hours have helped solve the problem. Essentially, the 
degassed resin Is "gravity" fed from v no supply container Into the storage cylinder, with 
the piston In the retracted or fully loaded position. A vacuum pump is connected to a 
purging port In the cylinder and resin drawn in. When resin begins to enter the vacuum line 
(short piece of Tygon), the vacuum is turned off. The inlet valve Is shut off, and the piston 
pressurized (10-20 PSI), if U moves forward and springs back upon pressure venting, then 
air is entrapped. The piston Is pressurized again, and Ihc inlet valve opened to purge out 


TABL2 27. MIXING CONCEPTS CONSIDERED 


Concept 
Rotating Paddto 


Axial Piston 


Mixing Chamber 


Static Mixor 


Premix St Store @ -40’F 
Micro Balloons 


Comments 

Difficult to Mix-Must Wipe Total Surface 

Difficult to Expel Around Paddles 

Limited to Batch Mixing 

Long Mixing Times 

Better Mixing lhan Above 

Requires Push/PuH Motion 

Secure Mixing Piston & Start Eject 
Piston (Crewman) 

Difficult to Mix Wide Ratios 

Continuous Plow Capability - Easier 

Proven Design for Large Mix Ratios 

Proven Design for Large Viscosity 
Ratios 

Continuous Flow-Easicr 
Untried Methods 


m 



TABLE 28. MIXER COMPARISON 


Mix and Extrude 


Mix During Extrusion 


Extrusion pressuro is lower. 


Advantages 
e Simplicity. 

© Little* operator effort. 


• Operating flexibility - Pot life applicable 
only to resin In mixer and downstream , 

• Large storage unit can be used with re - 
placement mixers. 

• Reliable mixing of large resin 'catalyst 
ratios (both volumetric and viscosity) have 
been demonstrated. 


• High viscosity rosin makes 
mixing energy high. 

• Entire mix haa single pot life 

• Large operator effort during 
mixing. 

• Introduction of catalyst re- 
quires a separate step. 

• Homogeneous mixing of large 
res in /catalyst ratios re- 
quires long mixing time. 

• Honugcncous mixing of largo 
rosin/catalyst viscosity 
ratios requires long mixing 
time. 


Disadvantages 

• High pressure required for mixing and 
extrusion. 

• Container Is a pressure vessel, 

• Reliable homogeneous mixing of large 
resin Catalyst ratios (volume and/or vis- 

, cosily) require longer and/or larger mixer 
elements. 
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Figure 45. Static Mixer Concept Schematic 
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Figure 47. Static Mixer Dispenser Concept 
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Figure 48. Breadboard Dispenser Parts Photographs 
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4.4.4 PROTOTYPE DISPENSER DESIGN AND FAPRICATION 

As a result of interaction of the mid-term meeting, a decision was made by GE to 
emphasize and proceed with a large "3 part" dispenser as compared to a small disposable 
device. 

Mcckup Unit 

Prior to proceeding with the prototype design and fabrication, a wood znockup unit was 
prepared. Ibis unit as shown in Figure 49was Jelivered to NASA JSC during the fith week 
of the program. The mockup was reviewed with NASA, personnel for operational effectiveness. 
The major change which resulted from the interchange was to make the mixer assembly part 
of the dispenser body so that the astronaut only handles the hose, trigger valve, and nozzle. 

Functional Prototype Design 

The prototype dispenser unit is designed to be representative of a flight design where the 
roquirod 1030 cubic inches to be deliverd will be packaged In three large dispensers. The 
capacity Is nominally 400 in.^ which is the required 360 in. ^ plus the unavailable residual 
volume of the mixer and nose/valve/nozzle assembly. 

The structure is designed primarily to permit quick construction consistent with the 
early demonstration in zero - g flight. Stress levels were kept low to minimize the risk of 
fabricating parts before or at the same time as they were stress analyzed. The prototype is 
functionally identical to the flight item but considerably heavier due to die above constraints. 

The prototype dispenser Is shown in Figure 30 comprises a concentric two piston 
reservoir; a pressurant tank with fill and shut off valves, and a regulator; a static mixer 
assembly connected to the reservoir and a hose, valve, and nozzle assembly which provides 
flexibility for applying the "cured In place" ablator-adhesive to the repair area. 

The twin piston reservoir assembly Is sized to displace 360 in. ^ plus the volume re- 
quired to fill the mixer and hosc-nczzlc assembly, estimated at 47 cubic inches. The two 
sets of pistons and cylinders are arranged concentrically with the catalyst (10% by volume) 
piston In the center and the annular resin cylinder on the outside. All static and dynamic 
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seals employ nitrile O* rings. The structure was designed to contain the highest extrusion 
pressure, which prior to testing was estimated at 500 psi. Hie design was targeted at a 
burst pressure of four times this value or a 1.25 x the pressurizing tank pressure. 

The pressurizing tank was sized to allow operating at relatively low pressure. The 
pressure was chosen to allow the above described structure to have a 1.25 burst pressure 
ratio without an unacceptable structural penalty. The nominal pressure was set at 2000 psi, 
which resulted in a required volume of 139 in 3 . Tills requirement was satisfied on a very 
short procurement basis by a Pressed Steel Tank Co 3RC 150 HT3 tank of 150 in 3 . This 
tank meets DOT 3HT-3000 requirements wnich rates it for pressures up to 3000 psi when 
used in aircraft. The pressurant is and the operation is initiated by opening a quick 
operating valve. The dispenser pressure is controlled by a regulator having a built in relief 
valve. 

Static Mixer — The key element of the entire concept is the static mixer; This comprises a 
tube containing a device which compels the working substances to travel random labyrinth 
paths and thus become mixed together. The pipe contains a number of elements, each of 
which is a diameter long. Each element comprises a number of layers of corrugated steel 
welded together in a crossed diagonal pattern. The elements, in turn are welded into pairs 
at right angles to each other. Twelve elements or six pair were initially selected. The 
corrugations of various pitches are also available. One, one and one-half, and two Inch mixers 
were evaluated to determine the size and number of elements required for adequate mixing 
and minimum pressure drop. 

Hose, Valve, and Nozzle — The mixer is connected to the valve-nozzle assembly by a four- 
foot length of flexible hose. The hose must be capable of withstanding full pressurization 
pressure and must provide an adequate flow path. A nominal 3/4 inch size, Aeroquip 2208, 
double braid, teflon line hose has been chosen for this requirement. This hose offered the 
best flexibility and lowest weight of the high pressure hoses. Its burst strength of 8,000 psi 
is far In excess of requirements. 
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The initial choice of valve is a 3/4-tnch plug valve in which a cylindrical plug, contain- 
ing a full flow passage, is rotated 90 degrees off to full on. A "Circle Seal" valve is being 
modified to provide a simple hand grip squeeze dead man type of shut off. The nozzle is 
dimply a transition section to fan the full flew of the 3/4 in line into a 0. 19 x 1-1/2-inch 
flat strip. Initial design and testing of this design has shown various shortcomings which 

need to be corrected, or other concepts must be evolved. .. . .. 

An alternative to this valve is to locate the valve at the exit of the mixer proper. Thus, 
the hose does not need to be a high pressure design, and a more flexible and manageable 
configuration would result. However, the crewman must operate the valve with one hand 
while still maneuvering the nozzle. The most acceptable- approach can be determined during 
each astronaut training. 

The prototype unit was fabricated to the definition of Figure 50. The completed unit is 
shown in Figure 51 after several tests, the prototype unit was provided to NASA- JSC for a 
KC-135 zero-g test with a fully suited astronaut. Results of this test were not available for 
the final report, however the demonstration of the unit and crewman training at NASA -JSC 
prior to the test was very successful. 
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Figure 49. Wood Mockup 
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Figure 51. Functional Prototype 
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4.4.5 TEST AND EVALUATION OF BREADBOARD AND PROTOTYPE DISPENSERS 
Breadboard Dispenser Checkout 


Cylinder Assembly - The cylmders end pistons were assembled and leak tested at low pres- 
sure. Rework was sceompllshed on Ihe outer cylinder ID (PVC pipe) to correct leakage 
problems. Subsequent to this, the assembly was proof tested te 380 psl, the nominal working 
pressure of the pipe. For lab testing, an upper limit pressure of 350 psl was established. 


Dis penser Assem bly - The entire dispense, was assembled by Interconnection of the cvllndor 
assembly te the static muter and to the filllnt pressure pot. This piping Installation warn 
modified several times to correct filling deficiencies. The entire sssembly was hydro- 
statically proof tested to 380 psl. 


A trial run was made using a water soluble spackling compound with an apparent vis- 
cosity slightly. lower than RTV-577, and using water In the catalyst chamber. Tne unit was 
pressurized at 100 psl. The material flowed erratically (entrapped air) although with a 
fairly well mixed consistency (lower viscosity, of course), nils trial run gavo the first 
indication that loading procedures had to be refined (accomplished), subsequent paragraphs 
discuss the test series as tabulated on Table 29. 


Breadboard Test Results 


3 >?t Series "A" - This series utilized a 12-olement (C pairs) 1-inch diameter mixer, based 
« preliminary analyses for the material viscosities to be used. Materials .tested were 
RTV-560E and 577 blended ("E") and unblended, and with and without catalyst. The basic 
pnls of this series were to obtain flow data and mixing efficiencies for the various materials, 
which represented a very wide range of viscosities. An early test run using RTV-5G0 as the ’ 
■Vatalysf In order to obtain visual Indication of mixing showed excellent results with both 
12 and 10 elements (G and 5 pairs) (see Figure 53). The addition of blond increased the 
pressure required for flow, while the addition of 70% diluent (with/wilhout haniener) in- 
creased flow rate * l.G times for any of the materials tested. Some unexpected results were 
observed as listed below: 


a. 


577E and 5G0E appear to flow at the same rate at high pressure >250 psl 
likely due to tho Increase In thixotropic behavior of the basic 577. 


most 
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b ' rIZllV:^ ttL ' r M ° E WhiCh 1S 1/3 - VlSC0US * — t likely for the same 

c - zzr<Tzz n^:\T n z ss?rs£K ss,sr „tr 

•n.cso results are pitted on Figure 32 showing good behavior with Ore Ho.- rate pro- 
portions, to pressure. TV, calculalod now data for newtooton Holds u als0 shown 

parlson. A pressure gage In the manifold Mock a, the entrance to the mixer was used tor 
pressure drop measurements in the mixer unit. The aP appeared to be 25-10 ps, ,t the 

a-,0 u,3/ml„ rates. However toe accuracy of toe data was coarse because of clogging and 
partial curing of material in toe gage and its port. No further attempt., were made to 

Instrument toe How (cyltodcr pressure was used). Flow measurements were made by col- 
Icctlng a weighed sample over a timed run, 

Mixing effectiveness was evaluated visually and by hardness measurements. Hardness 
measured about 55 . 10 durometer for specimens catalysed, and was quite uniform toroud,- 
out an, one specimen. All specimens were cured a, roan, temperature. One half Inch long 
sleeve, were Insertod at toe 4 to and 5to mixer pair ex,,, to measure hardness on one run 
With RTV-S77. These coupons measured 40 and 50 durometer respectively. 

During the last lest run of this series, made In the presence of Dr. hogor. NASA -JSC, 
two tile cavities .ere filled, one with RTV-600E and one with RTV-577E. The cavities hid 
gap. to Simula tod adjacent Hies of 0. 000 and 0. 12 Inch, In order to determine If toe material 
would flow In..- them. Ihe 500E did partially flow Into too gaps, whetvas toe 577E was eon- 
fined * too basic cavity, no mold line restoration or levollng technique using a plastic 

sheet was also domoastralod. Sc. times wore about 2 hours fur RTV-550E aad about 20 
minutes for 577E. 

;^s t Series B - This series was conducted using the 1 - 1/2 x 1/4 inch cell mixer in order 
to increase flow and reduce pressures, it also Included the use of black dye (Nlgroslne, in 

‘ >3 CatalySt “ 3 V ‘ 8Ual ,ndlcalor - with 6 pairs f,2 elements) showed poor mixing, 

niereforo one more pair of elements was added, resulting In better mixing, but not suf- 
ficiently uniform io be considered good. Nonetheless, hardness measurements In both the 
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the light gray and dark gray areas representing low and high catalyst concentrations, indi- 
cated durometer readings in die 45 to 55 range. No flow data was recorded because of the 
"poor" mix. 

Test Series "C" — This series attempted to combine the good mixing characteristics of 1- 
inch elements with the low AP characteristics of l-l/2-lnch larger cell elements. A two- 
stage mixer was configured, consisting of three 1-lnch elements in sories with five 1-1/2- 
Inch elements, with the 1-lnch elements at the inlet end of the mixer. The mixing w u? ey- 
ccllent and of uniform color throughout the entire pour and the flow rate exceeded 20 in 3 - min 
at 250 psi. 

In this test series, a pour was made Into a hard vacuum, with the dispenser at ambient. 
Mixing was excellent again. The resin was deaerated with a roughing pump for <** 20 hours, 
prior to loading Into the dispense . and after the dispenser was connected to the vacuum 
chamber, the mixer and all downstream Interconnections were also vacuated. A' 3-lnch 
deep container was filled and the flow observed thru a viewing port. The material was 
observed to outgas both visually and from the pressure (Ion) gage on the vacuum chamber. 

The sample was removed after 44 hours of 10~5 torr vacuum. It had a fairly flat uniform 
surface. Sections thru the material showed a closed cell structure with the cells fairly uni- 
form In size between l/8-l/4-lnch In diameter. The material cured well (see photo In 
Figure 20). 

Test Series "D" — This was an attempt to optimize flow/mix by reducing the number of ele- 
ments to 2-1" x 4-1-1/2". Mixing was inadequate. 

Prototype Test Results 

Test Series "E" — Prototype Testing — This series was the first test of the prototype dis- 
penser in preparation for the zero-g flight tesis on a KC-135 airplane with a suited crewman. 

The purpose was to obtain flow data, mixing effectiveness and flow vs. dwell time (work- 
ing time). The 2 stage mixer was refined by removing one 1-1/2 -Inch element pair. The 
results showed excellent mixing ar.d flow, although the flow rates were slightly lower than 
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for the breadboard even though one element pair was removed. This was attributed to 
greater pressure drop in the dispenser prop .r because: 

a. Larger mass being moved (1-1/2 gal. unit vs. ICC l n 3> 

b. Different plumbing configuration (more bends) 

c. More force required to move larger pistons 

The flow data is shown plotted on Figure 32, indicating that 20 in^/min can be extruded at 
250 psi. 

Tne second part of the test, which was one continuous test run, was to let the catalyzed 
material sit in the mixer for a time period, and restart the flow catching aTloW rate sample 
of about 1 in 3 . The data shows that the material will flow at a constant rate after repeated 
dwell tbno periods of 15 minutes with -0.2% catalyst (STO) to rosin concentration. 

The effect of reversing the mixer assembly (large elements at the Inlet end) resulted in 
poor m being. 

Other Prototype T ests 

As part of the flight certification, the storage container assembly was subjected to a 
hydrostatic pressure proof test of 1200 psi, first on the inlet (high pressure) side and then 
on the rosin (low pressure) side. Photographs of the proof test are shown In Figure 33A and 
tho Engineering Test Report *s p-ovided in Figure 53B. 

Conclusions 

The one inch diamotor/slx element pair tests all exhibited good mixing as determined 
by the absence of dye streaks in the effluent and by the uniformity of "Hockey Puck" samples. 
The pressure drop versus flow performance Is shown in Figure 52 for various candidate 
materials. This plot also includes calculated performance for Nowtonlal fluids of various 
viscosities. The results show’ that the 577E viscosity was moasured as 1,400,000 centi- 
poises, while the test results suggest a value of 100,000 to 150,000 C. P. Since the material 

contains substantial amounts of throe different fillers, the apparent non-ncwtonSan behavior 
is not surprising. 


Tho results with the l-l/2-inch mixer showed that inadequate mixing took place within 
the 21" constraint in length. Therefore a two stage mixer was configured which provided the 
good mixing of the 1-lnch elements with the lower pressure drops of the larger unit. 

Hardness measurements of the various hockey puck samples collected during all of 
these tests showed a hardness of 45-65 durometer range after several days. 

Overall, the tests have proven the effectiveness of the dispenser concept in mixing ami - 
operational characteristics. Extensive d3ta has been accumulated for final dispenser 
design. A hybrid 2-stage mixer consisting oi four 1-1/2-lnch elements in series with 
three 1-inch element paris performs satisfactory anti consistent mixing while extruding the 
material (577E) at a moderate prc 0 sure for a target flow rate cf 20 In 3 /min. The one test 
In a vacuum also showed excellent flow characteristics. The material cured with porous 
structure, but did not rise above the cavity. It Is likely that the majority of the bubles were 
from entrapped air In the resin, which had been air blended and evacuated with a roughing 
pump (28" vacuum) for about 20 hours. A fully degassed material will most likely be less 
porous , 

The dwell time tests demonstrated that the "3 part" dispenser as configured In our proto- 
type design permits the utilization of the large container concept, enabling the crewman to 
u; ■> the mixer Into rm latently while performing other related repair tasks. 
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TABLE 29. BREADBOARD AND PROTOTYPE TEST RESULTS 
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TABLE 29. BREADBOARD AND IVROTOTYPE TEST RESULTS (Continued) 
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il for photograph of material. 



TABLE 29. BREADBOARD AND PROTOTYPE TEST RESULTS (Continued) 
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b. SIDE VIEW OF MIXER ELEMENTS 



ROTE: WHITE I77E ON SIOES IS 
RESULT OF REMOVAL FROM 
TUIC 



Figure 53. Mixing Demonstration from B/B Test Run 3 
(577E with RTV-560 in Catalyst Tube) 
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Figure 53A. Proof Test of Prototype Dispenser 
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*4.4.6 STORAGE CONTAINER ASSESSMENT 


4.4. 5.1 Design and Packaging Assessment 

The storage container Is mounted in the Payload Bay and Is designed to package the pro- 
cured ablator sheets, the applicator with the curc-ln-placc ablator, omittance repair agent, 
and tools needed for the repair procedure. 

The storage container assembly will consist of a structural box and a thermal protection 
system consisting of thermal blankets and active heaters. Table 30 lists estimated weights 
and volume. Table 31 list; repair kit weight estimates. 

The storage container design concept Is an enclosure where sides are made of honey- 
comb panels. T\/o separators arc on the inside to provide three storage comoartments. 

It Is planned that the structural Lntcrfacc connection to the Orblter fuselage will bo made at 
the separator Nations, Venting provislu s arc to be Incorporated to avoid critical design 
loading from pressure changes. 

The storage box overall size and general arrangement is shown In Figure T>5. For 
operational, thermal and structural reasons the box is partitioned Into thr^o cavities. A 
dispenser and packages of procured ablator sheets are packaged In each cavity. The dis- 
pensers, precast ablator kits and toots are secured to remain packaged In the container 
until unclnched for use. Figure 56 shows an arrangement and mix of procured blocks which 
are held together by a light, flexible bag. Figure 57 shows an arrangement of tile intrudes 
that can be readily detached. 

The thermal protection system to maintain 100 a F ♦ 10° fnsido the storage container Is 
accomplished by using a multi-layer insulation (MU) blanket on the outside of the structural 
box and resistance wire heaters with thermocouples on the inside surface. 

The Internal heaters arc then silicone rubber sheets with imbedded wires. Those arc 
attached to the inside wall of the box :o give a uniform heat io the repair kit. The heaters 
arc controlled by thermostats to be located by analysis and tests. 
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TABLE 30. STORAGE CONTAINER WEIGHT ESTIMATE 


Box Sandwich Area (No Cover) 

Front 26" x 38" = 088 In 2 6.86 ft 2 

Back 26" x 38" = 988 6.86 

Ends (26 x 21)2 * 1092 7.53 

Bottom 21 x 38 = 798 5.54 

26.84 


Honeycomb Sandwich 

Outerskln 8 mils. (.0144 lb/ft“/mil) 26.84 = 3.1 
Innerskln 4 mils. (.0144 lb/ft“/mll) 26.84 = 1.5 
Coro - GL. Fabric 0.2 (26. 84) = 5.4 

Bond - 2 pis. 0.2 (26.34) = 5.4 

Stiff. & Rolnfmt. $ 20% =3.1 

IS. 5 

Handholds & Tiedowns 

1,5 

Interface Attachment 

^,0 

Thermal Control 

MLI Blanket 5.0 

Heaters & Harness 2.0 

Velcro Attachmt. 0.5 

7 5 

Block and Tile Bags & Lanyards 

2.5 

Total 35 lbs 
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Item 


Wt, lb 


1) Precured Ablator (ESM 1004 AP) 
3. 75 ft 3 @ 35 Ib/ft 3 

132.0 

2) Curc-ln -place Ablator (RTV 577E) 
1200 In 3 @ (39. 2 tb/ft 3 

48.0 

3) Emlttance Agent (GFE) 

20 . 0 

4) Dispensers 
3 @ 35 >b 

105.0 

5) Tools 

1.0 

6) Thermal Control & Connector 

2.0 

7) Stockago Container 

35.0 


343 


NOTES; 

« Item (1) can bo reduced by lower P ESM for sublayers 


e Item (2) can bo roducod by accounting for foamod density 
(~50 lb/ft 3 ) expected when applied 










Thermal Control Assessment 


me utilization of the repair materials. especlslly toe cur.-in-pl,ce mattrIlli 
controlled temperatures for adequate working life and to assure adequate cure and perform- 
ance. The general approach to this problem was to: 


a. 


b. 


c. 


TT con “ ncrs al aull'clontly high temperature to allow some cool 
Lng while performing subsequent ooeratlons t rnr inuioi . cocl 

perature wan establLhed as 100‘F^O pUrposos U,e S '° rals ° *"=- 

Mlnlmlze temperature decay during EVA 'ey passive techniques (no power available). 


Provide adequate temperature in repal 
material, spacecraft attitude control, 


r area by Initial temperature of the inserted 
and structural heat sources. 


These thermal control concepts are summarized In 
sections: 


Figure 58 and discussed in the foilwing 


stor a g. Container Contro l - The thormn. environment experienced by the stomgc container 

cut rnnge from n direct view of epnee (T ^ . 0‘R. to direct solar exposure resulting from 
certain orbit/vehicle orientation combinations. 


Maintenance of 100‘F * 10‘ In too storngo container Is readily accomplished by use of 
thermostatically controlled resistance wire heaters covered with on msulatlng blanket. The 
Insulating blanket can be either, 1 ) a multilayer radiation barrier Insulation type, or 2, n low 
density, low thermal conductivity foamed or fibrous material type. Numerous candidate 
IneulAtlve materials exist. Two that have a comblnn.lon of both low density and low thermal 
conductivity are Nomex felt and Lluflex. H.ermophy.lc.1 ptppertie. of these cendidato 
materials are summarized In Table 32. An sttomaUve low weigh, approach , 8 to employ a 
multilayer radiation barrier insulation. Typical effective cmloslvlty of an MU Is o. 02. 

View factors from the storage container surfaces to apace were estimated and determined 
to rang, from 0. 17 to 0. 23 for a container loeaUon on the floor a, toe end of toe paylotn. be. 
Cold case heater power requirements were calculated. Table 33, to hold 100‘F for toe sev- 
eral insulation concepts considered, using a view factor of 0.23. An Insulation toickn.se of 
one Inch was employed for the Litaflex and Nontax. Doubling toe Insulation thickness would 
reduce to. heater power requirement by only about 30%. For toe multilayer radiation barrier 
type Insulation, an effective emlseivlty of 0. 02 was employed with a surface emlsslvlty looking 
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at space of 0. 9. The unit weight of these insulation concepts (lbs/f t 2) ls also summarized in 
Table 33. Note that the LItaflex concept would appear to be the lightest although It requires 
the larger power consumption; the heavier MU results in the lowest power consumption. 


For the hot case, a direct exposure to incident solar radiation wich surface character- 
istics of a= 0.36 and *=0.9, results In container surface temperatures approaching 350*F 
if the view factor to space is limited to 0. 23. If the view factor to space can be Increased 
to 1.0, the maximum surface temperature is limited to I00»F, although the heater power 

requirement for the cold case also Increases. If the view factor cannot be increased, orbltcr 
attitude constraints will be necessary. 


Consideration must also be given to conductive insolation of tire storage container from 
its support s truch.ru. 


EV AThermal Control - The thermal environment experienced by the EVA Kit and dispenser 

gun can range from a direct view of space ( T ^ = OH) to direct solar exposure resulting 

from certain orbit/vehlcle orientation combinations for periods of time up to 3 hours in 
duration. 


An Initial evaluation has been made of a spherical kit with a volume of one cubic foot and 
an average material density of 60 Ib/ft^ (combination of ablator and metal parts). Employing 
a LItaflex Insulation thickness of 0. 5 Inch limits the bulk cool down to 20-F At in a one hour 
timo period. Adding a low emisslvity surface and thicker Insulation to the EVA kit would 

further delay the cool down. For example, reducing the surface emisslvity to 0. 2 reduces 
the cool down to about 8*F/hr. 

Tha dispenser gun cooling characteristics ere similar to the spherical kit described 
Shore. However, the hose/nosale area, where the ablator material relume Is small relative 
to the radiating aurfaec area (say a l Inch dlam.torhoao .llh 1-tach of tasnlatlon aerroandlag. 
Figure 59) presents a more sarloas cooling problem. If Iho ablator material romalna ala- 
ttooary la the hose for 1/4 to 1/2 hour, it will cool from an Initial temperature of 50 to 40-F. 
T “* may b. unacceptoble and may require .learning the hoa. and aerate at 10-20 min Intervals 
Tile Repair Area Thermal Control 

The thermal environment experienced by the repaired area Is to bo restricted by vehicle 
attitude control management. On the cold side, Iho effective etok temperature can be limited 
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to 20-30T; on the hot side to 90 -lOOT. The cooling times of the repaired areas for the cold 
case are dependent on the thickness of the repaired tile and its Initial t' oratnrc. The hot 
case provides more acceptable curing temperature for the repaired areas, but an evaluation 
of the colder structure areas of application must be made. 

Bulk cooling times were calculated for several repaired tile thicknesses and several 
Initial temperatures. Calculations were performed for an effective sink ter-.perature of 30 o F, 
a final bulk tile temperature of 40*F and an emlssivlty-view factor (F e F a ) of 1.0. Results 
are summarized In Table 34. Note the Increased cooling times resulting from the higher 
Initial temperatures and increased tile thicknesses. As the curing temperature -time re- 
quirements of the ablator and bond are evolved, the above analysis err. be refined with some 
reference transient calculations. If required, thermal protection blankets can be provided 
for increased temperatures during cure. For Instance, emlsslvity control can be provided 
by the same plastic used for mold line contouring. 


TABLE 32. THERMOPHYSICAL PROPERTIES OF NOMEX FELT St LI TA FLEX 


Material 

Source 

Characteristics 

Density 

Thermal Conductivity 
(@ 100* F) 




Lb/Ft 3 

(Btu/Ft S 
1 atm 

>ec*F x 105) 
10"'* atm 

UTAFLEX 

Rex Asbest- 

warke 

Germany 

Asbestos Form 
Soft, Com- 
pressible 

1-6 

0.75 

0.45 

NOMEX 

FELT 

Globe Albany 

Aromatic Polya- 
mide 

5.2 

0.65 

0.1G 
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TABLE 33. STORAGE CONTAINER INSULATION REQUIREMENT SUMMARY 


Insulation Concept 

Thickness (in.) 

Weight (pef) 

Heater Power Requirement 

(watts /ft") 

watts 

MLI 


0. 15-.2 

0. 9 

20 

NOMEX FELT 

1 

0.43 

3.0 

G6 

UTAFLEX (E = . 9) 

1 

0.08 

5. 3 

117 

(G = . 27) 

1 

0.08* 

0.3 

53 


♦Does not include low emlssivlty foil coating weight. 


TABLE 34. BULK COOLING TIMES 


Average Initial Temperature 
of ESM CF.) 

ESM Thickness (Inches) 

0.75 

1.25 

2.0 

Bulk Cool Down Time to 40 J F. (Minutes) 

T - 30’F, T. F = 1. 0 

sink € a 

100 

32 

54 

8G 

80 

31 

39 

77 

60 

28 

35 

69 
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Figure 59. Thermal Control Approach 



4.4.7 OPERATIONAL ASPECTS 
The repair operations are based on: 

a. Using cure-in-place ablator for repairing all, areas less than 3/4" thick 

b. Using cured-in-place ablator for repairing all single missing tiles or single 
missing tiles with a section of an abutting tile missing 

c. Using pre-cured ablator for all other repairs (large areas) with the cure-in 
place material used as the bond 

The storage container will have 3. 75 ft^ of pre-cured ablator packaged in eight 16.5 pound 
packages, along with three insulated dispensers, each with 400 in 3 of cure-in-place material. 
A single multifunctional tool will also be in the kit, and sufficient sheets of plastic for cure- 
in-place ablator leveling to the mold line. Figure 60 shows a schematic of the repair kit on 
the work station. 

The storage container requires thermal monitoring prior to use in order to have the repair 
material at 100°F. This is most important just prior to use of the material. The heated 
storage will maintain the flexibility of the pre-cured material and keep the cure in place 
resin and catalyst fluid and at the proper temperature for the required cure rate. The fre- 
quency of this monitoring is TBD. The astronaut will initially turn heater power on when 
the PLB doors are opened for space craft thermal control. 

All the repair material is stored in the container and the applicator/mixers have the thermal 
insulation required for se during the repair mission. When the pre-cured tile kits are re- 
moved from the storage container, they will be placed in an insulated storage unit (RMETB) 
along with the multifunctional tool and the plastic film. The loading of the WS with these 
repair items occurs before the astronaut donns the MMUAVS. 

Cure In Place Ablato r 

Unit Volume - The requirement for 1, 080 in 3 of material will be met through the use of 
three 400 in 3 units. This package volume will achieve a reasonable balance in the work 
station between cured-in-place ablator and pre-cured ablator, v ,'e being consistent with 
the 85-pound limit established in the Design Reference Mission document. In this volume 
configuration, the following weights accrue for a maximum repair mission: For small areas 
repair missions, some or all of the pre-cured ablator can be omitted. 
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Item 

Weight, Pounds 

Oure-in-place ablator material 

1 G 

M ixc r/dis pense r (empty) 

2 G 

Tools and miscellaneous supplies 

2 

2 Pro-cured ablator packages 

33 

1 otal 

77 


Dispenser Activation - Three simple on/off type valves activate the dispenser unit. The 
”:ilves will have a locking safety feature to be determined later. As shown in Figure C.O, 
the valves are located on the top of the dispenser unit and readily reachable by the astronaut's 
i ight hand. The resir and catalysts valves will be turned on first, and then the air valve. 

'A hen the air valve is turned on, the two pistons move down and proportion the rosin and 
catalyst iflto the mixer sections, through the delivery hose to the dispensing nozzle. No 
material can leave the dispensing nozzle unless the safety device (TBD) is activated and the 
handle depressed. AM the valves will activate with simple wrist action type motion. 

After the applicator/mixer has been activated and prior lo the deposition of the material to 
the repair area, a small quantity of the material will be discharged U« the scrap bag to clear 
ihe gun of voids and provtac a sample for later examination of cure. 

Ablator Flow Characteristics - The ablator material in the catalyzed condition is a very 
viscous (1. 2 million centipoise) material. In this heavily bodied form, the cohesive forces 
within the material are extremely high and the material is a naturally very ''sticky" sub- 
stance. The combination of high cohesive forces and very sticky surface provides a mater- 
ial which will stop moving in the zero 'g' space environment ns soon as the delivery nozzle 
is turned off. The high viscosity of the r ntorlal will prevent it from beit^ forced into the 
areas between tiles and also provide a scouring action at the vchtcle/cu red- In- place ablator, 
which will insure the good wotting required to optimize the bond strength. 

Ablator How Mate - The dispenser unit has been sized to provide a maximum flow rate of 
20 in 3 per minute and under those conditions a C X 6 X 2-inch cavity could be filled in about 
' minutes. This flow rate was selected to provide a reasonable balance between the rate 
useable in filling a single tile void, which is fairly high, and applying the bedding base re- 
quired to bond a pre -cured ablator in place in either a void or over a previously installed 
prc-cured ablator. Fairly slow rates will also be used when partially missing tiles or edges 
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around pre -cured ablator are filled. The flow rale la conlrollable by astronaut positioning 
of the trigger type dispensing valve. 

The dispenser is expected to remain operational for 60 minutes. Two things could prevent 
this; material cure ami blocking of the mixer/hose assembly or excessively low temperature 
ami high viscosity condition. The first condition Is expected to be prevented by catalyst con- 
centration optimization and later by adequate Insulation of the hose /nozzle elements which 
have very low heat capability. If either qf tlx* solutions are not possible, it may lx* necessary 
to clear the mlxer/hosc assembly l»y discharging material into thi* waste Ixig once or twice 
in a 60 minute period. 

Cure Assurance - The resln/calalyst system represents a white and black material. When 
the two materials a re properly mixed, .they- are a medium grey In color and generally free of 
strialions. This color feature provides the astronaut with continual assurance that the de- 
posited material has lx*e:, catalyzed, is properly mixed, and will effectively cure. The 
sample placed in the scrap container at the beginning of each gun start up will further pro- 
vide a physical demonstration of cure. 

Pro-cured Ablator - Subkits of pro -cured ablator tiles have been defined as an assortment 
of 3/4, 11/4, and 2 Inch thicknesses. There are six large area repair subldts suitable for 
large and deep areas, and two small area re pair subldts. With this assortment, the astro- 
naut will be able to fill most areas with no more than two layers of tiles plus the adhesive 
bond, and still meet the outer mold line restoration requirement of _+ 1/4 inch. 

Larger, prescored slabs of KSM material were considered, but it was determined that a 
slab larger than 12 x 12 inches would be excessively difficult to handle at the repair site. 

The tiles are tethered together and after they have been positioned, the tether can be with- 
drawn. 

Repair Techniques 
A ll Areas 

• A visual Inspection will be made of the damaged areas and abutting tile to determine 
if any loose pieces exist. 

• The damaged area and abutting tiles will be gently felt far loose points or nearly 
destroyed bonds. Where loose pieces or nearly loose pieces exist, they will lx* 
picked up with the aid of the sticky surface tool. Figure 61. 
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When the repair area ha* been cleared of major tile particles, the applicator/mlxcr nozzle 
will be picked up and the spring loaded veriahle flow valve activated by rcmovtig the safety 
device (TBD, probably a pull ring). The flared dispensing nozzle will then be positioned in 
the far corner of the missing tile area and the handle depressed. As the material flows from 
the nozzle, the nozzle tip will remain within the deposited material and will be gradually 
drawn across the void with a slight upward motion, Figure 62. Thts withdrawal procedure 
Is aimed at preventing void enclusio >, which would collapse upon re-entry. If the area 
being repaired is wider than the dispensing nozzle, the nozzle will be slowly directed from 
side to side so as to completely fill the cavity in front of it before moving back (Figure 63). 

In this manner, the resulting installation will resemble a loaf of bread. During the crew 
tratnlng, operator efficiency should improve to the point where the repaired void will require 
no additional operations following the cavity filling. The smooth flowing characteristics of 
the cured In place ablator tests to date suggest this conclusion. If, however, an overfill 
condition or an unevenly filled condition c:;lsts, a roll of plastic film will be removed from 
the insulated storage unit and unrolled across the face of the repaired cavity. Due to the 
very sticky nature of the cure in place ablator, the plastic will be "grabbed" by the surface. 
The back of the multi-functional tool (or back of gloved hand) will then be used to level the 
surface and contour any extra material across the surface of adjacent tiles. The plastic film 
(which can be used for cmlssivity control) will be left on the surface. In cases where a 
significant amount of excess material has been deposited; the front edge of the multi-func- 
tional tool will be used to scoop the material up and deposit it in the scrap bag, and the bag 
interior used to wipe the tool clean. 

The extended piston of the applicator mixer Is graduated into four units of volume. In this 
manner, the astronaut will continually know the amount of material left within the container. 
No repair should be initiated unless there is sufficient material within the container to com- 
plete the work. 

Procured Ti’e Hepair Technique 

The tile thickness required for each repair area will be known from location of the repair 
and the width and length of the repair roughly determined. The proper thickness tile will 
be selected from the insulated storage area rnd fractured along the pre-sco red lines and 
dry fitted into the repair area. Tiles representing the total build up will be sized at this 
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time and then returned to insulated storage. The dispenser applicator will then be turned 
on with the nozzle in the corner of the area to be reoalred. Toe nozzle will be smoothly 
drawn across the area to be repaired and a ribbon of material deposited. Where vehicle 
contours are encountered, extra material will be deposited in lower areas so that as flat 
a surface as possible is generated for the bedding of the pre-cured tile. The nozzle of the 
applicator will ‘hen be used to smooth out the ribbons of cure In place bond. Being gener- 
ally smooth is all that is required. 

The presized tiles for the first layer would be removed from the heated storage and the 

first comer tile Installed. For installation, the tile Is cunred back and Installed as shown in 
the following sketch. 



Tests have shown that the material flows well wl*a 2 to 4 pound force Is applied to the area 

of the tile that Is being applied. A slight wiggling motion also helps bed the tile and eliminate 
the inclusion of voids. 

After all the tiles In the first layer have been Installed, a second layer of bedding ablator 
will be applied In the same manner as the first layer If a second pre-cured ablator is to be 
used or if the cavity requires additional cure in place material to meet the thickness dimen- 
sion. Additional tiles will be added In the manner of the first layer If successive thicknesses 
are required. If this Is the case, then the thinnest tUe will be placed on the bottom of the 
cavity, thus affording greater ablation depth before encountering a bond line. If not, the 
perimeter of the repair area, where voids exist between the pre-cured ablator and original 
tiles, shall be filled by inserting the cure-in-place ablator nozzle Into the void and slowly 
drawing the nozzle across the void, depositing the required ablator thickness. 
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Figure 60 , Repair Mission Equipment 




Igure 61 . Multifunctional Tool 
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Figure 62. Top View Fill Technique 



Figure 63. Side View Fill Technique 
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5.0 RECOMMENDATIONS 


Utilize the following specific solutions: 

ESM L004 A P precured ablator 

HTV-5f7E Cure-in-place ablator/adhesive 
A 400 cubic inch dispenser similar to the prototype unit 

d P e r “sod d by“ c! 5111 "' fabr ' CE,1 °" n:8hl ° f «*" «>* W« *■ conceptually 
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